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EXECUTIVE SUMMARY

This report summarizes the data collection and analysis activities conducted during the

100-KR-1 source operable unit limited field investigation (LFI) and the associated qualitative risk

assessment (QRA) and provides recommendations on the continued candidacy of high-priority

sites for interim remedial measures (IRM). An IRM is intended to achieve remedies that are
likely to lead to a final Record of Decision, and is not restricted to limited or short-term actions.

The data collection and analysis activities were conducted in accordance with the

100-KR-1 operable unit workplan (DOE-RL 1992a). The qualitative risk assessment was

performed in accordance with the Hanford Site Baseline Risk Assessment Methodology

(DOE-RL 1993a), and the recommendations incorporate the strategies of the Hanford Past-

Practice Strategy (HPPS; Thompson 1991). The purpose is to provide a summary of site

characterization activities, refine the conceptual exposure pathway model (as needed), identify
chemical- and location-specific applicable or relevant and appropriate requirements (ARAR),
provide a qualitative assessment of risks associated with the sites, and identify those sites that are
candidates for an IRM.

The 100-KR-1 source operable unit encompasses an area of approximately 0.6 mi2 and is

located immediately adjacent to the Columbia River. In general, it contains facilities associated
with disposal of cooling water effluent from the two reactors in the 100-K Area. All known and
suspected areas of contamination were classified as high- or low-priority based on the collective
knowledge of the operable unit managers (representatives from the U.S. Department of Energy,
the U.S. Environmental Protection Agency, and the Washington Department of Ecology) during
preparation of the 100-KR-i workpian. High-priority sites were judged to pose sufficient risk(s)
through one or more pathways to require evaluation for an IRM. Low-priority sites do not pose
sufficient risk to require streamlined evaluation. In the 100-KR-1 operable unit, six facilities
were identified as high-priority waste sites: the 116-K-1 crib, the 116-K-2 trench, the 116-K-3
outfall structure, the 116-KW-3 retention basin, the 116-KE-4 retention basin, and the process
effluent pipelines. There are no low-priority sites in the 100-KR-1 operable unit.

Based on the workplan, four of the six sites were investigated during the LFI: the
100-K-1-crib,-the 116-K-2 uer.c#h the--1-]b-KW-3 retention-basin,-and-dte-1-16-KE-4 retention
basin. These sites were investigated using boreholes, testpits, field screening, geophysical
surveys, and samples were submitted for laboratory analysis. All analytical data were validated.

Analytical results, field screening, and geophysical surveys all show that radiological
contantination of vadose zone soils is the primary concern. The principal radionuclides found
during the LFT include americium-241, cesium-137, cobalt-60, europium-152, europium-154,
europium-155, plutonium-239/240, and strontium-90. In general, maximum concentrations of
radionuclides were found in soil samples collected from the 116-K-2 trench. The contamination
of soil in the 100-KR-1 operable unit by radionuclides is a result of disposal of reactor cooling
water effluent to soil disposal sites (cribs and trenches) or leakage from basins and pipelines.
Metal contamination (concentrations that exceed Hanford Site background concentrations) was
found at the 116-K-2 trench, near the 116-KW retentionbasin,and near the 116-KF-4 retention
basin. Metal contaminants included chromium, cobalt, copper, mercury, and zinc. None of the
ntetal concentrations exceeded potential soil cleanup ARARs (Washington State Model Toxics
Control Act [MTCA] Method B criteria). Semi-volatile organic compounds (benzo(a)anthracene,
benzo(b)fluoranthene, and chrysene) were detected in surface soil samples from a testpit near the
116-KW-3 retention basin at concentrations that exceeded the MTCA Method B cleanup criteria.
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No source for contamination of soil by semi-volatile organic compounds has been determined.
Volatile organic compounds were detected in a number of samples, but at very low concentrations
and are likely to be laboratory artifacts.

The remaining two high-priority sites (the 116-K-3 outfall structure and the process
effluent pipelines) not investigated during the LFI were evaluated for continued IRM candidacy
using information available from analogous facilities or historical data.

A QRA was performed for the high-priority sites. Conservative assumptions, such as
highest reported contatninant ievels from either the LFI or historical data base were used. The
QRA provides estimates of risk to human and ecological health. Human health risks were
estimated assuming either low- or high-frequency use and includes considerations such as the
attenuation of external dose provided by layers of clean fill that overlie some of the sites.
Ecological hazards were evaluated by considering external dose and the uptake and accumulation
of contar^iinants enzhefoodweb,TneQR.Atdentlfied!hemajor nl;mWn hea,i:h r•K to bet - -- - --- ,^

exposure to radionuclides. The major ecological health risk was found to be exposure to

radionuclides and to metals.

The 100-KR-1 high-priority sites were recommended for continued candidacy for an IRM

usu^g the iUuvwmg cFiteria:

• If human and ecological risk estimates provided by the QRA for a low-
--- -- frequency use exposure scenario showed a lifetime incremental cancer

risk greater than 1E-04 or an environmental hazard quotient greater than

• If contaminants at a waste site exceed a chemical-specific ARAR

• If LFI results show that a site is a current source of groundwater
contamination

• If the conceptual exposure assessment model of the site is found to be
incomplete and additional data collection through limited field sampling is
recommended

• The potential for natural attenuation of contaminants (e.g., radionuclide
decay by the year 2018) may be a consideration for sites where risk is
caused by external exposure to radionuclides with half-lives of 30 years
or less.

Based on the criteria above, the 116-K-i crib, 116-K-2 trench, the 116-KW-3 retention
basin, the 116-KE-4 retention basin and the 116-K-3 outfall structure are recommended to remain
candidates for an IRM. These sites show contamination that pose a risk to human or

-_--envi-ronmentalhealth.In-addition, the 116-K-2 trench poses a potential risk to groundwater due
to chromium. The use of IRMs is warranted to minimize potential contaminant migration from
ihese sites.

The recommendation for the process effluent pipelines is to defer them to final remedy
selection. Historical data shows the process effluent pipelines are contaminated with
radionuclides at concentrations that are a potential threat to human and environmental health.
However, the contamination consists of scale on the inside of the pipe. Consequently, the
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contamination is contained within the pipe and is physically isolated from the environment.
Because contaminant migration into the environment is minimized, the pipelines pose little or no
risk. Therefore, an IRM will do little to mitigate specific contamination and is not justified.
Consequently, remediation of the pipelines should be deferred to final remedy selection process
for the operable unit.

ES-3



TH_lS PAGE tNT^NTiO^4ALY
^EFI' BLANK



DOE/RL-93-78
Draft A

- LIST OF-ACRONYMS

ALARA as low as reasonably achievable

ARAR applicable or relevant and appropriate requirements

ASTM American Society for Testing and Materials
BARCT best available radionuclide control technology

his below land surface

CERCLA Comprehensive Environmental Response, Compensation and Liability Act
CFR Code of Federal Regulations

CLP Contract Laboratory Program
CRDL contract required detection limit
CRQL contract required quantitation limit
DOE U.S. Department of Energy
DOE-RL U.S. Department of Energy, Richland Operations Office
Ecology Washington State Department of Ecology

EHQ environmental hazard quotient

EII Environmental Investigation Instruction
EPA U.S. Environmental Protection Agency
ERA Expedited Response Action
GM Geiger-Muller probe
HPPS Hanford Past-Practice Strategy
HSBRAM Hanford Site Baseline Risk Assessment Methodology
IAEA International Atomic Energy Agency
ICR lifetime incremental cancer risk

IDL instrument detection limit

IRM interim remedial measure
LFI limited field investigation
MCL maximum contaminant level
MTCA Washington State Models Toxics Control Act
NOEL no observable effect level
NPL National Priorities List
NRC U.S. Nuclear Regulatory Commission
OVM organic vapor monitor
PCB polychlorinated biphenyl
QRA qualitative risk assessment
RCRA Resource Conservation and Recovery Act
RCW Regulatory Code of Washington
RF7/!`MC A^R d pacility Investigation/Corrective Measures Study
RI/FS remedial investigation/feasibility study
ROD Record of Decision
SARA Superfund Amendments and Reauthorization Act
TAL target analyte list
TBC to-be-considered
TCL target compound list
UTL upper tolerance limit
VOC volatile organic compound
WAC Washington Administrative Code
WHC Westinghouse Hanford Company
WL Working Level

iii
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1.0 INTRODUCTION

The Hanford Site near Richland, Washington was used by the U.S. Government to produce
plutonium for nuclear weapons. The U.S. Department of Energy (DOE) currently manages the site
which contains six operational areas. The U.S. Environmental Protection Agency (EPA) placed
four of these six areas (the 100, 200, 300, and I100 Areas) on the National Priorities List (NPL) in
November 1989, under the Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA) of 1980. The Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement, Ecology et al. 1992) subdivided the individual operational areas into source and

- ^^ ... ':°_°t,.,grourtdwatsr c^gerable untts hased .,..waste..^ ..^^sal information, location, facility type, and other
site characteristics.

Source operable units include facilities and unplanned release sites that are potential
sources of hazardous substance contamination. The 100-KR-I operable unit is a source operable
unit within the 100 Area. Data collection and analysis activities conducted at the 100-KR-1 source

-• =? operable anit during the limited iteld irivesi;gaiioii (Lrr) and the quaiiiative risk assessment (QRA)
are summarized in this report. The purpose of the report is to evaluate available information and
provide sufficient rationale to select sites for implementation of interim remedial measures (IRM).

^:

1.1 SITE BACKGROUND

The Hanford Site is located in south-central Washington State ( see Figure 1-1). The 100-K
Area, located in the north-central part of the Hanford Site, was the site of two reactors that were

--- --- ------- --------- used to praduce plta:nium.

1.1.1 The 100-KR-1 Operable Unit

Reactor operations in the 100-K Area released chemical and radioactive wastes to the soil,
air, and water. For cleanup purposes, the 100-K Area has been divided into four operable units
(see Figure 1-2). Three of the units are source operable units: 100-KR-1, 100-KR-2, and
100-KR-3.The-feurt#; 1E_10-K-R-4 ic a ooundwafer operabie unit that inciudes all groundwater,
saturated soils, surface water, and aquatic biota potentially affected by operations in the 100-K
Area. Groundwater monitoring wells for the 100-K Area are shown in Figure 1-3.

The 100-KR-1 operable unit covers an area of approximately 0.6 miZ. The operable unit is
located adjacent to the Columbia River, within Sections 5 and 6 of Township 13 N, Range 26 E,
and_Sections H and 32 of Township-14-N; Range 26-E. --Figure t-2 shows the facility layout of
the 100-KR-1 source operable unit. The facilities located within the 100-KR-1 operable unit are
associated with reactor cooling water effluent. These facilities include the 116-K-1 crib, the
116-K-2 trench, the 116-KW-3 and 116-KE-4 retention basins, the 116-K-3 outfall structure, and
the process effluent pipelines.

1.1.2 The 100-KR-1 Operable Unit Conceptual Site Model

The conceptual site model for the 100-KR-1 operable unit was developed during the
preparation of the remedial investigation/feasibility study (RI/FS) work plan (DOE-RL 1992a). The
conceptual model as presented in the work plan addressed the following:
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• structure and process of the waste sites
• source of contaminants
• type of contaminants
• nature and potential routes of contaminant migration
• known and potential human and environmental receptors.

The conceptual model is summarized below. Additional details can be found in the
- - "v-ici^-i- wGin-yiou.

In sui„nary, the work plan identified the liquid waste disposal facilities ( 116-K-1 crib,
116- - trenc-h, 1 16-K-tv-3 and 116-1CE-4 retention basins, 116-K-3 outfall structure, and the
process effluent pipelines) associated with the reactor coolant effluent as the primary contaminant

----so-urces-in-the-i00=3CR=i-operabie-unit. in the past the process efftuent, which was contaminated
with radionuclides and hazardous chemicals, was discharged directly to the Columbia River and
soil-specific retention areas (trenches and cribs) for disposal, or to nonspecific soil areas via leaks
and spills.

Preliminary evaluation in the work plan of contaminant sources, release mechanisms,
environmental transport media, and likely environmental receptors suggests that the most probable
primary sources of contaminant releases to the 100-KR-1 operable unit environment are the process
effluent facilities. While process effluents were once discharged directly into the Columbia River,
the current mechanism of contaminant release is through infiltration from previously contaminated
soils near the facilities into the underlying groundwater. This groundwater eventually discharges

.utto the %̂ .olumb'ia River where it can contaminate the sediments and has the potential to impose
adverse impacts upon local biota. Of particular concern are impacts to sensitive and economically
important fauna (e.g., salmon eggs and fry). Because there are no nearby residences, the most
likely potential for current human exposure to 100-KR-1 operable unit contaminants is to onsite
workers.

This conceptual model has been updated with data acquired through the LFI, and is
presented in Chapter 5 of this report.

1.2 THE HANFORD PAST'-PRAC1'1C:E STRATEGY AND THE 100-KR-1 LFI

1.2.1 Hanford Past-Practice Strategy

The signatories of the Tri-Party Agreement [DOE, EPA, and the Washington Department of
Ecology (Ecology)] developed a new strategy to manage and implement past-practice
investigations. The Hanford Past-Practice Strategy (Thompson 1991) was developed to enhance the
efficiency of ongoing CERCLA RI/FS and Resource Conservation and Recovery Act (RCRA)
facility investigation/corrective measures study (RFl/CMS) activities in the 100 Area of the
Hanford Site. The objective of the HPPS is to expedite the ultimate goal of cleanup, by initiating
and eompleting waste sit^ cleanup through interim cieanup actions.

The HPPS focuses on reaching early decisions to initiate and complete cleanup projects by
maximizing the use of existing data that are consistent with the data quality objectives, together

' L I.
- time

• . . . .wtLI sI,c.L-^,,,Io-Lrar^e Investtgattons, wnere necessary. As more data becomes available on
contamination problems and associated risk, the details for longer-term investigations and studies
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are better defined. The effectiveyseof existing data along with better management of uncertainty
should reduce the number of sampling episodes and expedite treatability studies, feasibility studies,
and cleanup actions, including expedited response actions (ERA) and IRMs.

The near-term strategy for decision-making in the HPPS and mitigating contamination
e., - at ',r waste citae.....nrn...virtne for

t6rnn rliffe.ompro lem-spest.. .....,... ., .......... ........ ... pathways.

The ERA pathway is used for abatement if conditions exist or are suspected
that create an unacceptable current or future health or environmental risk
and necessitate a rapid response to mitigate the problem.

.„s

r~:

Q •

The IRM pathway without an LFI is appropriate if existing data are judged
sufficient to develop a conceptual site model and perform a qualitative risk
assessment. If necessary, a focused feasibility study will be conducted to
select the IRM remedy.

The LFI pathway is used to identify and gather the minimum additional
data needed to formulate a conceptual site model and perform a QRA that
would support an IRM or other decisions. The LFI is limited in scope and
generally is not intended to support a final record of decision. Regardless
of scope, however, the LFI is part of the RUFS (or RFI/CMS) process and
not a substitute for it.

Figure 1-4 summarizes the HPPS RI/FS process described above.

Although interim actions (ERA and IRM) may be used to mitigate specific contamination
problems, the process of final remedy selection must be completed for the operable unit and the
100 Area NPL site to reach closure. The information obtained from the LFIs and interim actions
may be sufficient to perform a risk assessment and to select the remedy for the operable unit. If
the data are not sufficient, additional investigations and studies will be performed to the extent
necessary to support the operable unit remedy selection. These investigations would be performed
within the framework and process defined for RI/FS programs.

1.2.2 Apolication of the Hanford Past-Practice Strategy to the
100-KR-1 Operable Unit

Implementation of the HPPS to the 100-KR-1 operable unit began with the development of
the Remedial Investigation/Feasibility Study Work Plan for the 100-KR-1 Operable Unit, Hanford
Site, Richland Washington (DOE-RL 1992a). Following agreement on the past-practice strategy,
R,n.h6. n .a:e.. e c^^e`^ tLe 1M A .

initial
-..,e_ u.:ee-Faru^.,r^^s:,ptic: mc iw-r:tEa-itor^'-pianS-V;+ith-3^lias io"^'$^$^t''^5-ana wttn-tne
ttfocusof the LFIs placed on the highest priority waste sites within each operable unit. The
-collective knowledge and judgment of the three parties together with information contained in
existing work plans were used to classify all known and suspected areas of contamination into
either high-priority or low-priority waste sites and the paths to be followed to implement the HPPS.
The decisions made during joint meetings among the three parties are documented by meeting
minutes that are part of the administrative record.
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The high-priority waste sites in the 100-KR-1 operable unit were identified as follows:

• 116-K-1 crib
• 116-K-2 effluent trench

• 116-K-3 outfall structure
• 116-KW-3 retention basins
• 116-KE-4 retention basins

• process effluent pipelines.

Limited field investigations leading to IRMs were proposed for the 116-K-I crib, the
116-K-2 effluent trench, the 116-KW-3 retention basin, and the 116-KE-4 retention basin. The
remaining high-priority waste facilities in the 100-KR-1 operable unit (the 116-K-3 outfall structure
and the process effluent pipelines) were recommended for remediation (IRM) using information
gained from analogous sites. The knowledge gained from the characterization/remediation of other
100 Area analogous facilities will be applied toward remediation of the 116-K-3 outfall structure
and the process effluent pipelines. At these sites, further characterization will be performed
concurrently with remediation, using the observational approach. Table 1-1 contains a list of all
100 Area wide analogous facilities that are defined as facilities used in a similar manner and as
part of a similar waste stream.

No-low-priority - facilitiesa.re cttrrently-identi€ted-within-the 100=KR=1- operabie unit. if any
low-priority facilities are located by the source data compilation, any field investigations will be
deferred until the cumulative risk assessment for the entire 100 Area.
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Table 1-1. 100-KR-1 Operable Unit Waste Sites and 100 Area
Analogous Sites.

:^-

ii

^.... ^

•,^

,,*

100-KR-1 Operable Unit 100-B/C Area 100-D/DR Area 100-H Area 100-F Area
Wasrw Sirea

116-K-1 effluent crib 116-B-1 116-DR-1 116-H-1 116-F-2
116-C-i' 116-DR-2

116-K-2 effluent trench 116-B-1 116-DR-1 116-H-1 116-F-2
116-C-1' 116-DR-2

116-K-3 outfall 116-B-7" 116-D-5 116-H-5" 116-F-8"
structure 132-B-6" 116-DR-5

132-C-2"

116-KW-3 retention 116-B-11 116-D-7 116-H-7 116-F-14
basins 116-C-5 116-DR-9

116-KE-4 retention 116-B-11 116-D-7 116-H-7 116-F-14
basins 116-C-5 116-DR-9

Effluent discharge---_-- Effluent Eftluent Effluent Effluent
pipelines and valves discharge discharge discharge discharge

pipelines and pipelines and pipelines and pipelines and
valves" valves" valves" valvesb

'A treatability study or technology demonstration is proposed.
"An IRM is proposed.
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-2-.6 LIMITED FIELD INVESTIGATION ACTIVITIES

The LFI began the investigative phase of the RI for the high-priority sites identified in
the 100-KR-1 RI/FS work plan (DOE-RL 1992a). The work plan divided the site
characterization activities into 13 tasks. These tasks are listed in Table 2-1.

The LFI investigative activities (see Table 2-2) are discussed in greater detail in the
following sections. Results of aggregate area investigations are summarized in the appropriate
section below. Resuits of 10u-KR=1 operable unit field investigation activities are discussed in
Chapter 3.

2.1 SOURCE INVESTIGATION

A search of documents, photographs, and drawings from the 100-KR-1 operable unit
was conducted to provide additional information about source units or potential source areas to
focus subsequent investigative tasks (Stankovich 1992). Existing information on facilities within
the 100-KR-1 operable unit was reviewed to more accurately and completely characterize
potential sources_ofc.ontaminationand_close data_gapsidentified in the, 100-TC-R-1 RI/FS work
plan (DOE-RL 1992a).

--_--_--2a2 AGGRF'GATE ARFA INVFCTiGATIONC

2.2.1 Geology Investigation

Detailed results of the geology investigation for the 100-K area are contained in Geology
of the 100-K Area, Hanford Site, South Central Washington (Lindberg 1993). In summary, the
10000-K Area and vicinity is underlain (from oldest to youngest) by flows of the Columbia River
Basalt Frroup-with-thrt interealat€d-£}lensburg Formation,- the Ringoid For,nation, the iianford
formation, and scattered Holocene deposits. The Ringold Formation consists of semi-indurated
clay, silt, fine- to coarse-grained sand, and pebble to cobble gravel grouped into five sediment
facies associations that are defined on the basis of these lithologies, petrology, stratification, and
pedogenic alteration.

The Hanford formation consists of three facies: ( 1) gravel-dominated (pebble-to-boulder
gravel), (2) sand-dominated (fine- to coarse-grained sand), and (3) silt-dominated. These

+yFe.s^+,:h-^+P-^-^a ° - - 'tment . fo.„atio^, ^cf,zesenc`end members wtifim a continuum of
sediment types that were deposited by cataclysmic flood waters that drained out of glacial lake
Missoula: Sharp distinctions among these sediments cannot always be made (Lindberg 1993)•
The Holocene surficial deposits consist of a thin veneer (< 16 ft) of silt, sand, and gravel
deposited by a mix of eolian and alluvial processes.

- Within the 100-K-Area, basalt is encountered at depths greater than 500 ft below the
surface. The Ringoid Formation is exposed at the surface along the banks of the Columbia

------- ----- ---- --- - River andupto?,2(1<Jft-away€romthe river (ahich includes much-oEthe 1ii,-'nic-i operabie
unit). Elsewhere, the Hanford formation covers the Ringold Formation in gradually increasing
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thickness up to the sOntl3erR boulldary of-th-e-j00--K-ATOa, "where'the h7rmatiPifi is approximately

120 to 130 ft thick. Holocene deposits in the 100-K Area are dominated by Columbia River

deposits and eolian deposits. The Holocene deposits are not areally extensive.

Nearly the entire siu-11ace of the 100-K Area, with the exception of some locations along

the steeply pitching river banks, has been disturbed by grading or excavation. Fill materials are

largely composed of native materials. The extent of fill is greatest near the river bank terrace at

berms established adjacent to the 116-KW-3 and 116-KE-4 retention basins, the 116-K-1 crib

and local fill areas from washouts along the 116-K-2 trench.

1 2 2 F.vilnoo inoectiontinn^.^.^ ...... a,

The 100 Area operable units, which cover a total of 4,532 ac, are topographically and
environmentally similar. Each is situated along the Columbia River bank, with the reactor

located on a high gravel terrace left by the recession of glacial floodwaters at the end of the

Pleistocene Epoch. Shoreline areas grade from steep banks with narrow cobble beaches to

broad, stepped, well-defined terraces with gently-sloping beaches. The flood plain terraces

consist of sand deposited during the Holocene Epoch and occur on at least two levels, one

dating to the early or middle Holocene and another representing the later Holocene. Inland

`" areas are broad flats broken only by stabilized dunes. The area from west of the 100-N Area to

the western edge of the 100-D Area differs from this general pattern. In that vicinity are large,

rounded gravel mounds (ripple marks) formed during catastrophic Pleistocene floods.

Ecological field investigations were conducted to:

provide a description of the flora and fauna associated with the 100
Areas operable units with an emphasis on potentially significant
pathways, and those species that have been classified as threatened,
endangered, candidate, or monitor species by the state or federal
government

evaluate existing concentrations of contaminants in major species and
pathways associated the 100 areas operable units (Landeen et al. 1993).

=:TlteBS,d 7ilvs;stigatif}!^S concentrated On-13ird-SnrKeyS.-marnnlal-and inaar.t c^irveyS^

vegetation surveys, and sampling of various biota for radionuclides and inorganic waste
constituents analysis. These investigations were completed in accordance with Appendix D-2 or
the groundwater operable unit work plans (e.g., DOE-RL 1992b).

Comprehensive bird surveys were conducted at the 100-HR-3 and 100-BC-5 operable
units during the winter, spring, summer, and fall of 1991 (Landeen et al. 1993). The main

purposes weia{o verify existing species ilsts for the iw Areas, to ,uc°ntify potentially significant
pathways, and to verify and document species of special interest that use the operable units.
i.andeen et al. (1993) provides complete lists of birds identified during the surveys. No effort
was made to quantify bird species inhabiting the operable units. Some common species reported
near the reactors and along the shoreline and riparian zone include common nighthawk
(Chordeiles minor), eastern and western kingbirds ( Tyrannus and Tyrannus verticalis), willow
flycatcher (Empidonax rraillii), swallow spp., killdeer (Charadrius vociferus), American robin

^,2
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(Turdus migratorius), gull spp.(Laurus spp.), American kestrels (Falco sparverius), black-billed
magoie (Pica pica), common raven (Corvus corax), loggerhead shrike (Lanius ludovicianus),
white-crowned sparrow (Zonotrichia leucophrys), mourning doves (Zenaida macroura), rock

----- - ---- --------- -----claves-(Golumba-livia), quail (Callipepla californica), dark-eyed juncos (Junco hyemalis), house
finch (Carpodacus mexicanus), horned larks (Eremophila alpestris), western meadowlark
(Sturnella neglecta), red-winged blackbirds (Agelaius phoeniceus), European starling (Sturnus
vulgaris), song sparrow (Melospiza melodia), house sparrow (Passer domesticus), bufflehead
(Buceplwla albeola); common merganser (Mergus merganser), great blue heron (Ardea
herodias), American white pelican (Erythrorhynchos pelecanus), bald eagle (Haliaeetus
leucocephalus), Canada goose (Branta canadensis), mallard (Anas platyrhynchos), American
wigeon (Anas americana), northern shoveler (Anas clypeata), gadwall (Anas strepera), and
redhead (Aythya americana).

Mammal species observed, including signs of animal activity such as burrowing, tracks,
and scat, during field work activities (e.g., bird surveys, vegetation surveys, sampling, and
general site reconnaissance) were recorded. No effort was made to quantify mammal species or
inventory bat species, nor was trapping conducted to determine presence or absence of small

---`-- '---- --- ---- --iria:7u7iai species. ihe most common mammals found in the 100 Areas are the mule deer
(Odocoileus hemionus), coyote (Canis latrans), Great Basin pocket mouse (Perognathus parvus),
jackrabbit (Lepu.c cali;^irnicus), and coaontail rabbit (Sylvllagus nuttalli). A complete list of
mammals known to inhabit the 100 Areas is provided in Landeen et al. (1993).

Harvester ant (Pogonomyrmex owyheei) colonies were also surveyed at individual waste
sites because excavation of subsoils by these colonies represents a potential contaminant
exposure pathway. Although harvester ant colonies were observed at several waste sites in the
1w Areas operable units, none were observed in waste sites of the 100-KR-1 operable unit
(Landeen et ai. 1993).

The plant communities within the 100 Area operable units are broadly described as
riparian along the Columbia River and as a cheatgrass community in areas away from the
shoreline (Landeen et al. 1993). The shoreline in the100-K Area is characterized as gently
siopittg-with-areas-of-largeisonlders-attd areas of gently sioping rnudnats on which Southern
mudwort (Limosella acaulis) is found. Above the shoreline is a relatively broad riparian zone

--with-severat-d',stinctvegetative-zonea.--idearthe water line 'me plant community is strongly
dominated by reed canarygrass (Phalaris arundinacea). Above this zone is a Kentucky
bluegrass (Poa pratensis) zone, a thickspike wheatgrass (Agropyron dasytachywn) zone, and a
dryland cheatgrass (Bromus tectorum)/Sandberg's bluegrass (Poa sandbergii) community. The

- - - --- - v .x .:.:a:: ^suo^tree€•iir^h° .:p°.:°.. ......^ ^r.T:'a'uy elm--(UImuS pulntla) d d mtl:LerFy {Mv^3"ls u^ibu^), are
distributed in isolated clumps of five or six individuals. Beyond the riparian zone is a dryland,
cheatgrass-dominated community that typifies much of the upland in the 100 Areas. A complete
listing of species found in these communities is found in Landeen et al. (1993).

Ecological sampling was conducted in the 100 Areas and in and around the Columbia
River adjacent to the 100 Areas. Biota and soil samples were collected from species and media
with either a past history of documented contaminant uptake or an important position in the food
web, such as reed eanary grass; tree learres; asparagvs (Asparagus_officfnalis} covote scat.
raptor pellets, ant mounds, and small mammal burrows. These samples were analyzed for
target analyte list (TAL) analytes and selected radionuclides. The results of these sample
analyses have been compiled in Landeen et al. (1993). Other results of sampling by site-wide
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surveillance and facility monitoring programs that can be used in the evaluation of ecological

contamination are presented in Weiss and Mitchell (1992).

Except for strontium-90 in tree leaves, Landeen et al. (1993) did not note any probable

contamination in environmental samples collected from the 100-K Area. Samples of tree leaves

collected near the 100-K reactors showed strontium-90 concentrations that ranged from <0.55

pCi/g to a maximum of 88 pCi/g. Concentrations of other analytes (inorganics and

radionuclides) did not differ appreciably from collected control samples.

2.2.3 Cultural Resource Investigation

J

r e..

in compliance with Sestion-106 of-the-?ycai3rwLHir^toric prsserxul3n Ar! r16 rT.cr a7n

et seq.), Westinghouse Hanford Company (WHC) requested the Hanford Cultural Resources

Laboratory conduct an archaeological survey of the 100 Area reactor compounds. This survey

was conducted as part of a comprehensive review of 100 Area CERCLA operable units in

support of CERCLA characterization activities. The work included a literature and records
review and pedestrian survey of the project area following procedures set forth in the Hanford

Cultural ReSO
___UI

Ce
T^-- T1TT 11^011\

l: $ M6nageinent Plan krNl. 1707f.

Five prehistoric sites and a farmstead were identified in the 100-K Area during the
s„n,ev (rhatterc et al: 1992). All of these Sites are located on terraces along the Columbia-^ .------ -
River. Three of the sites (45BN434, 45BN423, and 45BN424) are found in the 100-KR-1
operable unit. These sites are located downhill, to the north and to the west of the retention
basins and the trench, and are adjacent to or intersected by radiation zones along the river
floodplain. These sites are considered to be at high risk during CERCLA characterizations

--(CYiaifers et al.--i989)-. --Evaiuation of the signincance for the identified sites is continuing.

2.3 100-KR-1 LFI SAMPLING AND FIELD ACTIVITIES

Field activities used to evaluate contamination at the high-priority sites identified in the
work plan (DOE-RL 1992a) included cable-tool drilling of boreholes; backhoe excavations; field
screening for evidence of volatile organics, chromium, and radionuclides: sampling for geology,
physical properties, and analytical constituents; and borehole geophysical logging. The
description of work (Green 1992) provided detailed guidance for these field activities. The LFI
invectiQatinn activities for each waste site are summarized in Table 2-2.___a__ _

2.3.1 Drilling and Excavations

Four boreholes were drilled at the 100-KR-1 operable unit to determine the nature and
vertical extent of contamination associated with liquid waste disposal facilities: the 116-K-1 crib
(borehole 116-K-1), 116-K-2 trench (borehole 116-K-2), 116-KW-3 retention basin (borehole
116-KW-3A), and 116-KE-4 retention basin (borehole 116-KE-4A). The location of the
boreholes within each facility was chosen to represent the "worst case" contamination, such as
near locations of effluent discharge to the facility or near the center of the facility if the
discharge point could not be determined (see Figure 2-1). These boreholes were advanced using
cable-tool drilling methods and sampled with split-spoon or core-barrel sampler. Target depths
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-frsr-the boreholes were established based or, process knowledge and historical records. The
maximum drilling and sampling depth was 5 ft below the water table (Green 1992). Boreholes
were abandoned after all sampling and geophysical logging was completed.

Two test pits were excavated in the floodplain downgradient of each of the retention
basin facilitie.c (see Figure 2-1). At the 116-KW-3 retention basin, one test pit was excavated at

------- ------ --------- thu-discharge end of-each of-twn dr-ainage-calverts. At-thP -116-KE-4 retention basin, one test
pit was excavated at the junction of the drainage ditches and one test pit was excavated at the
base of the washed out areas between the retention basin and the drainage ditch. These test pits
were used to provide a fast method for characterizing soil contamination in areas that received
effluent runoff due to basin leakage. The test pits were excavated using a backhoe.

2.3.2 Screening

All material exhumed from either boreholes or test pits was field screened for evidence
---of volatilu organiccompounds (Y9CLand-radionuclides--The_screeningwas usedto-acsist in

the selectionof sample intervals and borehole total depths. The volatile organics were screened
using an organic vapor monitor (OVM) that was used, maintained, and calibrated consistent
with Environmental Investigations Instruction (Ell) 3.2 and 3.4 (WHC 1988). Radionuclide
screening was conducted using a portable scintillation counter per Ell 3.4 (WHC 1988). The
last sample interval was screened for chromium using a portable hexavalent chromium test kit.

- .._"°.' :.. °,.,.,,^- --------- - --- -- - - vC^^n19g;e.fiL':LS=were:rii:ncs.,: ::r:v,.yvc:c.s.S aS$peC ..d in..1r1?. 9.-1--fiur-boreholesand-EII 1.5
for test pits (WHC 1988).

Prior to initiating drilling or excavation, a one-time background reading for VOCs and
radionuclides was taken and recorded in the field logbook (or geologic log for boreholes),
except background VOCs were not reported for the 116-K-1 borehole (see Section 3.2.1.2).
Except for radionuclides in test pits, instrument backgrounds were measured on freshly
disturbed surface soil, holding the instruments < 1 inch from the soil. Radionuclide background
for test pits was measured holding the scintillation counter at the approximate center of the test
pit and approximately 3 ft above the ground.

Action levels were 5 ppm above background for VOCs and twice background for
-radionuclides. -Ci aomium screening was for informationai purposes oniy; therefore, an action
level was not established.

2.3.3 Geophysical Logging

Three boreholes (116-K-2, 116-KE-4A, and 116-KW-3A) were logged using a spectral
gamma-ra_y radiation logging system and one b9reb-ole_(llf-K1) was logged using a gross-
gamma ray system in accordance with EII 11.1 (WHC 1988). No geophysical logging was
performed in the test pits. The objective of the borehole surveys was to identify the presence
and specieso€ matt-made gamma ray etr;tft;.g radionuclides and the relative activity levels. The
spMural ga:T,,:,a-ray radiation logging system identified gamma-ray emitting radionuclides, their
concentration, and location in the borehole interval. The gross-gamma ray logging system only
indicates the total radionuclide activity and its depth of occurrence and not the individual
radioisotopp-s_ Additional-details-on-tlm methodology-and-!ikaitatior.s of the g..;,physical logging
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are presented in Appendix A.

2.3.4 Sampling

Four types of samples were collected: geologic samples (borehole), physical properties
samples (borehole), analytical samples (borehole and test pits), and reference samples. Geologic
samples were taken at 5 ftintervals, approximately, and at major stratigraphic changes for
preparation of borehole logs.

Four samples for physical properties analyses were collected at borehole 116-KE-4A.
The physical properties samples were collected at approximately 5 ft intervals. The primary
objective for sample selection was to be representative of the principal soil types.

Analytical samples were collected from the boreholes and test pits in accordance with

EII 5.2 (WHC 1988). One sample was collected from the surface soil at each borehole or test

pitlocatiot4 prior to drilling-3r-CXCavati3A.---The-remat.^.ing ana!y<:cal sa.mple„c ,:,u_ru rn1luL.t^

based on the following criteria. V v W y

• If drill cuttings or exposed material in the backhoe were greater than or
equal to screening criteria (two times background for radionuclides or 5
ppm greater than background for VOCs), a sample was collected at that
point and sampling continued at 5 ft intervals until two consecutive

_- .oe . ,.. ...

_---- --- ----- -_--.^-_ _- If drill-CUttlEgg-3r erin•neeri matr.rial in the backhoe bucket are less than
the screening criteria, a sample was collected at the maximum expected
waste depth. Sampling continued at 5 ft intervals until two consecutive
samples passed the screening criteria.

- Sam es from boreholes were cotlectei-usitta-s'phpt g t=spoon-santpier. Sampies fivm me
test pits were collected directly from the middle of the backhoe bucket, away from the bucket
sides, using hand tools and standard soil sampling techniques, as directed by Ell 5.2 (WHC
1988).

Two samples were collected from a reference location (see Figure 2-1) in addition to the
samples collected from the four boreholes and the four test pits. These reference samples were
used to develop an operable unit specific control (see Section 3.1.1).

2.4 SAMPLE ANALYSES

Samples collected for chemical analysis were analyzed for the full suite of CERCLA
Contract Laboratory Program (CLP) target compound list (TCL) and TAL constituents, together
with certain specified anions that may be present, and radionuclides. Chemical analysis was

------ ---- -- -- C0n lI3t u85ng - -CLP methods. -Cfiemh'.ai anaiy-sis - --rur n6ii-^.LP anai 'yres l
I
e. g•, anions ,

nitrate/nitrite) were performed according to standard EPA methods. Radiochemistry analysis
was performed according to laboratory specific procedures using common methodologies (e.g.,
gas proportional counting, alpha spectroscopy, gamma spectroscopy, etc.). Analytical methods,
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routine analytical detection and quantitation limits, and precision and accuracy specified for the
methods are listed in Table QAPjP-1 of the Quality Assurance Project Plan in the work plan
(iNTR-RT. 1997a)

Samples collected for physical properties were analyzed using American Society for
Testing and Materials (ASTM) methods, except bulk density was analyzed using a method
developed by the laboratory contractor. The analyzed parameters (and ASTM methods) were
bulk density, particle size distribution (ASTM D422-63), moisture content (ASTM D2216),
moisture retention (ASTM D2325-68, D3152-72), and saturated hydraulic conductivity (ASTM
D2434-0$).

2.5 DATA VALIDATION

Data validation was performed by a qualified independent participant contractor in
compliance with the WHC Sample Management Administration Manual (WHC 1990). All data
packages were assessed. The chemical and radiological analytical data were validated, but
physicai pararneter data were not. Results of data validation are presented in separate reports
(WHC 1993a, 1993b, 1993c, 1993d).

In addition to data validation, the data collected during the LFI were evaluated for use
in the LFI and the QRA. This evaluation included (1) an inventory of all samples collected
during the LFI, (2) data compilation and review, and (3) a review of laboratory and field
(including trip and equipment) blanks. The sample inventory was conducted using multiple
information sources including sample lists, borehole logs, sample tracking sheets, and sample
location maps.

Laboratory and field blanks were used to evaluate each data set for common laboratory
contaminants or sources other than media contamination. This review was conducted using the
five and ten times rule as specified in Bleyler ( 1988) and Bechtold (1992). Detected
concentrations of common laboratory contaminants (acetone, 2-butanone,.methylene chloride,
toluene, and common phthalate esters) had to be greater than 10 times their corresponding blank
value. Detected concentrations of other contaminants had to be greater than five times their
corresponding blank value to be considered valid.

One result of the data evaluation and validation process is the assignment of data
quadifierlettnr-codes-to individual anal; ical results. The following qualifier letter codes were
applied to data from the 100-KR-1 LFI investigation:

• "U" indicates that the analyte was analyzed for and not detected. The
numerical value reported is the contract required detection limit (CRDL)
or the contract required quantitation limit (CRQL). CRDLs apply to
EPA CLP protocol analyses of inorganic constituents and to detection
limits established by WHC for radionuclide analyses. CRQLs apply to
EPA CLP protocol analyses of organic constituents. Sample quantitation
limits and sample detection limits may be lower or higher than CRQLs
or CRDLs, depending on instrumentation, matrix, and concentration
factors.
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• "J" indicates that the analyte was analyzed for and detected. The
concentration reported is an estimate due to identified quality control
deficiencies. For example, if the amount present is less than either the
CRDL or CRQL, the concentration reported is considered an estimated

value.

'I^--i:d;;w-tba *We d^,̂ ,.a were rejected during validation because of
quality assurance problems.

"B" for organic data indicates the analyte was detected in the associated
blank sample. For inorganic data, the flag indicates that the analyte was
detected at a concentration between the instrument detection limit (IDL)
and CRDL.

^^Y1

done to i
.

After data vaisdation; tFie data comptlation waŝ uvuc w vc.,.y . a, valdatton results
c=J were incorporated into the analytical database and that the data qualifiers were listed. Rejected

data were assigned an "R" qualifier. If upon review of the rejected data, the reason for

rejection was due to administrative concern (e.g., missing data sheets) and not because of major

quality assurance/quality control deficiencies (e.g., technical concerns), the rejected data were

_,, -- eonsidered usable for the LFI and the^QRA-.---'4'h;s is 4he only-ex3n:ple-for-wltech rqwjPw e:.t data
P^^ L_ i rT

were uswJ ,n we ,.r,.

2.7 IDENTIFICATION OF APPLICABLE OR RELEVANT
AND APPROPRIATE REQUIREMENTS

Section 121(d) of CERCLA, as amended by the Superfund Amendments and
Reauthorization Act of 1986, required that fund-financed, enforcement, and federal facility
remedial actions comply with applicable or relevant and appropriate requirements (ARARs) of
federal environmental laws and more stringent, promulgated state environmental or facility
siting laws.

Applicablr requirements are defined-in-C-ERCLA as those cleanup „ar,dards, standards
of control, and other substantive environmental protection requirements, criteria, or limitations
promulgated under federal or state law that specifically address a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance at a CERCLA site. Relevant and
appropriate requirements are defined in CERCLA as those cleanup standards, standards of
tantrol, and other =^^^:an•i e eq^ e;:er,ts, criteria, or limitations promulgated under federal or...............
state environmental o: facility siting laws; that-while-not- "applir^u o" to a h^^^r^ouS substance,
pollutant contaminant, remedial action, location, or other circumstance at a CERCLA site,
address problems or situations sufticientiy similar to those encountered at the CERCLA site that
their use is well suited to the particular site. Only those state standards that are identified in a
timely manner and are more stringent than federal requirements may be applicable or relevant
and appropriate.

In addition to ARARs, CERCLA also provides for the consideration of to-be-considered
(TBC) materials, including nonpromulgated advisories or guidance documents, in determining

neCCSSaiy
1
1
__._l^

or
r------:.^_ c L..a.L L..

CVClJ (RVl06ltV„ VI IICA,LLI Vr t,lC enVirVruilenL.
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Applicable or relevant and appropriate requirements may be further subdivided into the

following categories.

• Chemical-specific requirements - health- or risk-based numerical values
or methodologies that, when applied to site-specific conditions, result in
the establishment or numerical values. If a chemical has more than one
such requirement that is an ARAR, compliance should generally be with
the most stringent requirement.

• Location-specific requirements - restrictions placed on the concentration
of -haaaralous subs±ances -or- the Gonduct of activ-ities-&olelgbecauce they
are in specific locations, such as wetlands or historic places.

• Action-specinc requirements ^ technotogy= or activity-based
requirements or limitations on actions taken with respect to hazardous
wastes. These requirements are triggered by the particular remedial
activities that are selected to accomplish a remedy.

Potential chemical- and location-specific ARARs are defined during the field
investigation portion of the CERCLA process and refined in the feasibility study and proposed
plan. Action-specific ARARs are generally defined during the phase I and II feasibility study
and refined in detailed analysis in the proposed plan: Potentiar ARARs and TBCs in all
categories are defined in the 100 Area Feasibility Study Phases 1 and 2 (DOE-RL 1992c). For
purposes of this LFI, only the potential chemical- and location-specific ARARs are discussed.
The potential ARARs are presented in Tables 2-3 through 2-8.

Potential chemical-specific ARARs for soils are limited to those levels for hazardous
constituents prescribed in the Washington State Model Toxics Control Act (MTCA). Currently,
MTCA has not defined levels for radionuclides. Additional soil limits are presented in Subpart

S of RCRA for hazardous constituents and in DOE Order 5400.5 for radionuclides. These are
considered TBCs for the 100 Area operable units. Potential chemical-specific ARARs for air
emissions are also identified; however, these tend to be based on specific actions that have a

tendency to-increase-releas€s-to-theair: Therefore, dhese are more appropriately addressed in
the focused feasibility study. Potential chemical-specific ARARs are listed in Tables 2-3 and 2-
4; TBCs are included in Table 2-5.

----- ---------- --- ----- Potential location-specific ARARs are identified for the 100 Area because of the
presence of threatened or endangered species and archaeological resources. In addition,
potential location-specific ARARs based on possible impacts to wetlands and flood plains are
included. These are included in Tables 2-6 and 2-7; TBCs are in Table 2-8.

The discussion of potential ARARs is intended to be a refinement of the ARARs
discussion prrsentedln the_work_plan.__AdditionaLeval.uation of potential ARARc, especially
those that are action-specific, will be done in the FS phase. Final ARARs will be determined in
the Record Of Decision.
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Table 2-1. LFI Activities for the 100-KR-1 Operable Unit.

Task Activity Description
- -°

^1
--- - ......--..._ ------roject Management bjectives are to direct and documeiit project aettvttles so

^at data and generated evaluations meet work plan goals

and objectives.

2 Source Investigation This task was conducted to identify sources, location, and
potential contamination associated with high-priority sites.

3 Geologic Investigation Compilation of geologic information for source and
groundwater operable units was performed as part of the

^-------- --- 701-t(12-4 groundwater operable unit RI/FS.

4 Surface Water and Sediments No surface water or sediments are included within the
Investigation boundaries of the 100-KR-1 operable unit. This

•- -_-estigarroirisdeterred to the I00-#R41 p•`n:;:::dr'at,.mv
operable unit.

5 Vadose Zone Investigation The objective is to define the nature and vertical extent of
contamination, relevant migration paths, and support
selection of IRMs related to waste disposal facilities at the
100-KR-1 operable unit.

6 Groundwater Investigation The groundwater investigation is being performed as part
of the 100-KR-4 RI.

7 ir Investigation Only routine health and safety air monitoring was
conducted during investigation activities.

8 cological Investigation The ecological investigation was conducted as an
aggregate area investigation for the 100 Area.

9 Cultural Resource Investigation The cultural resource investigation included a review of
existing data on historic land uses, by Indian tribes and
pioneer settlers, and a field survey.

10 Data Evaluation Data generated during the LFI are being integrated,
evaluated, and coordinated with FS activities.

11 'sk Assessment A qualitative risk assessment that includes a human health
and an environmental evaluation will be conducted during
the LFI to support IRMs.

12 veriftcation of Contaminant- and Potential ARARs are identified in the LFI for verification
cation-specific ARARs by EPA and Ecology.

13 I Report Th is interim report is prepared to summarize the
characterization activities outlined above. The report also
includes an assessment of the necessity for IRMs.
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Table 2-2. LFI Investigation Activities for 100-KR-1 Operable Unit

High-Priority Sites.

eF :

Saite X:a<;,e Size Cc u ens LFI Investigative
Approach

116-K-1 Crib Received reactor coolant
200 ft x 200 ft at its base, water from the 116-KE basin. B, C, F, G, H

400 ft x 400 ft at its surface Replaced by 116-K-2

116K-2 Trench - Percolated cooling water
4000 ft x 45 ft x 25 ft deep effluent into the soil column B, C, F, G, H

116-K-3 Outfall Structure Collected reactor effluent
30 ft x 30 ft x 15 ft high discharge from the 116-KW-3 , N

and 116-KE-4 basins.

116-KW-3
1
Retention basin Retained effluent cooling

I 3 taa°s €ash 250 ft in water for thermal cooling and B, C, F, G, H, T
diameter and 29 ft high decay ofshort-lived isotopes

116-KE-4 Retention basin Retained effluent cooling
3 tanks each 250 ft in water for thermal cooling and B, C, F, G, H, P,
diameter and 25 ft high decay of short-lived isotopes

Proccas
------ _. ---- - - - Discharge system,. includes., . -
ftluent lines from the reactors to the N

Pipelines basins, and from the basins
to the outfall structure

A = Analogous data reviewed
B = Vadose zone borehole - drilling, geologic logging, and sampling
C = Chemical and radionuclide analysis of samples
F = Field screening for radioactivity, volatile organic compounds, and hexavalent chromium
G= Borehole gamma-ray geophysical log
= Historical data reviewed

N = No intrusive investigation
= Physical properties analysis of samples
= Test pits
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Table 2-3. Potential Federal Chemical-Specific Applicable or Relevant and Appropriate
Requirements for the 100-KR-1 Operable Unit. (sheet I of 3)

Deacription Citation A/

R&A

Requirements Remarka

tomic Energy Act of 1954, as amended 2 U.S.C. 2011 Aulhorixee DOE to aet. standards and ruhictions governing

req. facilities used for research, development, and utiluetion of atomic

energy.

Radiation Protection Standardn 40 CFR Part 191 Estoblishee standards for menagement and disposal of high-level

and tranaunnic waste and spent naclear fuel.

Standards for 40 CFR 4191.03 A Requires that management and storage of spem nuclear fuel or Applinble to waste disposal of after

rdanagement and Storage igh-level or tnnaunnic radioactive wastes at all facilities for the November 18, 1985.

disposal of such fuel or waste that are operated by the DOE and

^ that are not regulated by the Commission or Agreement States shall

be conducted in such a manner as to provide reasonable assurance

th at the combined annual doee equivalent to any member of the

' ublic in the genenl environment resulting from discharges of

radioactive material and direct radiation from such management

and storege shall not exceed 25 millirems to the whole body and 75

millirems to any critical organ.

Nuclear Regulatory Commission 10 CFR Part 20

Standardr for Protection Against

Radiation

Radiation Dose Standards 10 CFR 4420.101- R&A Seta specific radiation dosea, levels, and concentrations for May be relevant and appropriate, as

0.105 restricted and unrestricted areas. radioaclive materials in the 100 Area can

ntribute radiation doser, levels, and

coneentntiona which could exceed the limits;

owever, Hanford is not an NRC-licensed

facility.
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Table: 2-3. COGBD[lal .Ce(ieIal l.helnlCBl-J}le(:1RC !ip[lilca[7ie or RctcVBni and nYyiOEriiizito .

Requirenmen.ts for the 100-KR-1 Operable Unit. (sheet 2 of 3)

C

Deecription Citation A/

R&A

Requirements

' .

Remarks

_. _

afe Drinking Water Act 2 U.S.C. 300f Creates a comp^reheiuive national framework to ensure the quality

acq. and eafety of drtinhinig water.

National Primary Drinking Water 40 CFR PsuR 141 R&A Establishes maximum contaminam levels (MCL) and maximum Appfiuible to public water systerns. Potential

Regulations contaminam levd goals (MCLG) for organics, inorganic, and enuaJa and ndionuclides of aonkem may

radioactive constituents. The MCL for combined radium-226 and mignte to the drinking water aupply as a

redium-228 is !i pCutL. result of remed'ul activities. Altlhotigh federal

.CLOa are not enforceable atandards, they

are potential ARARa under the Washington

State Model Toxics Contnol Act when more

stringent than other etanderde. $ee state

ARARa.

Although federal secondary drinhin.g water

. standards are not enforceable, they are

potential ARARa under the Washin.gtun State

Model Toxica Control Act when mure

stringent than other standards. See: state

ARARn.

National Seeondary Drinking 40 CFR Pain 143 R&A Controls contaminants in drinking water that primarily at7eet the

Water Regulations aesthetic quabliea relating to the public acceptance of drinking

I water.

Solid Waste Disposal. Act, as amended by 2 U.S.C. 6901 et Pitablishes the boi4 framework for federal regulation of solid and

he Resource Corueroation and Recovery seq. azardous wasts.

cit (RCRA)

Groundwater Protection Standards 40 CFR 1264.92 A A facility shall not 6ornaminate the uppetmost aquifer underlying roundwater concentration limits in this

[WAC 173-303- e waste management area beyond the point of compliartce, which section do not exceed 40 CFR 141, except for

6451' is a vertical surfacelocated at the hydraulically downgradient limit :rromivm which has a limit of 50 µg/L.

of the waste management area that extends down into the

uppermost aquifer underlying the regulated area. The

numration of centain chemicals shall not exceed background

levels, certain specified maximum concentrations, or alternate

concenlrationlimiu, whicheveria higher.

^
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Table 2-3. Potential ederal Chemical-Specific Applicaple or Relevant and Appropriate
Requirem nts for the 100-KR-1 Operable Unit. (sheet 3 of3)

]Description Citation A/

R&A

, Requireme'nu ^ Remarks

Uranium Mill Tailings Radiation Control blic Law 95fi04,

ct of 1978 as amended I

Standards for Uranium and 40 CFR 192 EstabBshec standards for control, cleanup, and management of

Thorium Mill Tailings radioactive materida from inactive uranium proa:rsing sites.

Requires remedinl actions to provide t,r.asonable assurance that, an

Land Cleanup Standards 40 CFR R&A a result of residYUl radioactive materials from any designated May be reilevam and appropriate, as any

¢4192.14 rocessaing site, he concentration of ridium-226 in land averaged ndium-22n6 encountered during remediation

192.12 over any area ol'100 square meters shall not exceed the did not reralt from uranium processing.

background level by more than 5 pCiYg, avenged over the firn 15

cm of soil below the surface, and 15 pCf/g, averaged over 15-cm-

lhick layen of soil more than 15 cm below the sur&ce. In any

bitable bu0din4g, a reasonable effort shall be made during

remediation to achieve an snnual average (or equivalent) raij.on

decay product arncentration (including background) not meixceed

).02 Working Lovel (WL). In any case, the radon decay pioduct

concentration (rlcluding background) shall not exceed 0.03WL

and the level of ^jgamma radiation shall not exceed the background

level by more than 20 microentegena ;per hour.

Requires that when radionuclides other than radium-226 and its

ecay products are present in mfficient quality and concentration to

nuimte a significant radiation haurd from residual radioitctive

materials, remedial action shall reduce oWer residual radioactivity May be relevant and appropriate, as any

to levels as low as reasonably achievable (ALARA). ndiuro-226 encountered during temedietion

did not result from unnium processing.

Implementation CFR - R&A

11192.20-
192.23

eae are Sute of Waahington regulatory citations which are equivalent to Tide 40 Code of Federal Regulations, Parb 264 and 268 as stated in Washington Administrative

Code 173-303.

r•NOTE: A = Potentially applicable, R&A = Potentially relevant and appropriate.

0
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Table 2-4. Potential State Chemical-Specific Applicable or Relevant and Appropriate

Requirementsi for the 100-R:R-1 Operable Unit. (sheet I of 2)

-----

Description Citation

Al
R&A RequiremenG Remslrln

odel 9roxice Control Act (MTCA) 0.105D RCW eeryirea remedial actiona to attain a degree of cleanup

roteclirve of human hi
i
ulth and the environmeoti. I

Clumuph Raguhtione WAC 173-340 FAtiblishes cleanup levels and prescribes methods W calculate

IeAnup levels for soilu, groundwater, surface water, and air.

Ciroundwater Cleanup WAC 173-340- A erryires that where this groundwater is a potential source of Federal maximum confuainsIDt level goals for drinking

Standards rirrking water, cleanuip levels under Method B must be at water (40 CFR Part 141;1 and 7tedenl secondary drinking

eeat as stringent as concentratione established under water regulation stardanla (40 CFR Part 143) are

pplicable state and federal laws, including thefollowing: otential ARARa under IKTCA when they are more

s ringent than other slamisrds. Method B cleanup levels

A)i Maximum contantinam levels established uinder the Safe re levels applicable to remediation at Hanford unless a

:d published in 40 CFR 141, asDrinking Water Act si emonstmtion can be made that method C (alternate
I

mr.nded; leanup levels) is valid.

(B) Maximum contaminant level goals for noncarcinogens

stdiblished under the Safe Drinking Water Act and published

n 40 CFR 141, as amrended;

C) Secondary maximum contaminant levels established under

eSafe Drinking Wel:er Act and published in 40 CFR 143,

is amended; and

) Maximum contaminant levels established by the state

aard of heahh and published in Chapter 248.54 WAC, as

mended.

0
0

aW
J
00



i' d 1 m
t 1 , . M4 , u?

Table 2-4. Potential State Chemical-Specific Applicable or Relevant and Appropriate

Requirements for the IW-KR-I Operable Unit. (sheet 2 of 2)

A/
Description Citation R:BcA Requirementc _ Remuks

Soil Cleanup Sundarda WAC 173-340-7 A CA Method B concentration limib in milligrams per

I 'logram for potential contaminants in soils, sediments, and

ludges are:

hromiuni 400

obalt N/L

opper 2,960

' ercury 24

inc 24,000
Acenapthr.ne 4,800

' Bcato(a)anthracerma 0.137

i nxo(a)Pyrene 0.137

nzo(b)Buoranthen> 0.137

ryeene: 0.137
Di-n-buty!Iphthdate 8,000
Fluoranthene 3,200

Ideno(1,263-cd)pyrene 3,200

ethylenr, chloride 133

enanthrene NIL ''.

Pyrene 2,400

etrachloiroethene 19.6

oluene 16,000

richloro:thene 90.9

Waahington State Department of CW 43.70

Health

Radiation Protection-Air WAC 246-247 Eatablishes procedures for monitoring, control, and reporting

Emissions of airbornre radionuclide emissions.

New and Modified Sources WAC 246-247-07 A equires the use of best available radionuclide control

echnology (BARCr).

Radiation Protection Standards WAC 246-221

blishea standards for protection against radiation hazards.

Radiation dose to individuale in AC 246221-01 A pecifies doce limits to individuals in restricted areas for

restricted areea nda and wriua, anldea and feet of 18.75 rem/quarter and

or skin of 7.5 rem/quarter.

IA Potentially applicable, R&A = Potemially rekvam and appropriate

0
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Table 2-5. Potential Chemical-Specific To-Be-Considered Guidance for the 100-KR-1 Operable Unit. (sheet 1^of 2)

in

Description Gltation Requirements Remarks

Model Toxics Control Act 70.105D R^,CW

Cleanup Regulations WAC 173-340 The State Department of Ecology is ivrrently adapting the
calculations in MTCA to be applicable to radioactive

contaminants. These cleanup standards may become

available prior to or during remediaqion.

Solid Waste Disposal Aat, as amended 42 U.S.C. 6901 et seq. ^ '
by RCRA

Criteria for Gassificatior,i of 40 CFR §257.34 A facility or practice shall not contaminate an underground The courts or the state may

Solid Waste Disposal Facilities drinking water source beyond the solid waste boundary. establish alternate boundaries.

and Practices

Corrective Action for Solid 40 CFR 764 Establishes requirements for investigation and corrective

Waste Management Units Subpart S, proposed action for releases of harardous waste from solid waste

management units.

U.S. Department of Energy Orders

Radiation Protection of the DOE 51005 Establishes radiation protection standards for the public and

Public and the Envirbnment environment.
I

Radiation Dose Limit (All DOE 5400.5, Chapter The exposure of the public to radiation sources as a Pertinent if remedial activitic, are

Pathways) 11, Section Is consequence of all routine DOE activities shall not cause, in "routine DOE activities."

a year, an effective dose equivalent greater than 100 mrem

from all exposure pathways, except under specified

^ circumstances.

Radiation Dose Limit (Drinking DOE 54005, (-hapter Provides a level of protedion for persons consuming water Pertinent if radionuclides may be

Water Pathway) II, Section ld from a public drinking water supply operated by DOE so released during remediatiun.

that persons consuming water from the supply shall not

receive an effective dose equivalent greater than 4 mrem per

year. Combined radium-226 and radium-228 shall not

exceed 5 pCi/mL and gross alpha activity (including radium-

226 but excluding radon. and uranium) shall not exceed 15

d
^
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Table 2-5. Potential Chemical-Specific To-E3e-Considered Guidance for the 100-KR-1 Operable Unit. (sheet 2 of 2S)

tl^
r"]

tnrr

Description Gtation Requirements Remarks

Residual Radionuclides in Soil DOE 54005 Chapter Generic guidelines for radium-226 and radiurn-228 are: Residual concentrations of

IV, Section 4a radioactive material in soil are

• 5 pG/g averaged over the first 15 cm of soil below defined as those in excess of

the surface; and background conaentralions

' averaged over an area of 100 m'.

• 15 pG/g averaged over 15-cm-thick layers of and

more than 15 can below the surface.

Guidelines for residual concentrations of other

radionuclides must be derived from the basie dose limits by

means of an environmental pathway analysi.s using specific

property data where available. Procedures for these

deviations are given in "A Manual for ImplerSrenting

Residual Radioactive Material Guidelines" (DOE/CH-8901).

Procedures for determination of "hol spots;"hot-spot

cleanup limits," and residual concentration guidelines for

mixtures are in DOE/CH-8901. Residual radioactive

materials above the guidelines must be controlled to the

required levels in 54005, Chapter II and Chapter IV.

q
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Table 2-6. Potential Federal Location-Specific Ajpplioable or Relevant and Appropriate

Requirements for The 100-KR4 Operable Unit.

N

Description Citation R&A Requirements Remarks

Archaeological and Historical 16 U.S.C 469 A Requires action to recover and preserve Applicable when remedial action

Preservation Ad of 1974 artifacts in areas where activity may threatens signiAicant scientific,

cause irreparable harm, loss, or prehistorical, historical, or

destr uction of significant artifac t s. archaeological data.

-Endangered Species Act of 16 U.S.C. 1531 et seq. 1Prohqbits federal agencies from h^

1973 jleopelydiang threatened or endangered I
speci;es or adversely modifying habitats
essential to their survival.

Fish and Wildlife 50 CFR Parts 17,222, A Requires identification of activities that Requires a consultation with the

Services List of 225, 226, 227, 402, 424 may'affect listed species. Actions must Fish and Wildlife Service to

Endangered and not threaten the continued existence of a determine if thil or

Threatened Wildlife listed species or destroy critical habitat. endangered spimies could be

and Plants impacted by ad:ivity.

Historic Sites, Buildings, and 16 U.S.C. 461 A Establishes requirements for

Antiquities Act presnrvation of historic sites, buildings,

or objects of national significance.
Undesirable impacts to such resources
must be mitigated. I

National Historic Preservation 16 U.S.C. 470 et seq. A Prohibits impacts on cultural resources. Applicable to properties listed in

Act of 1966, as amended. Where impacts are unavoidable, requires the National Register of Historic

impact mitigation through design and Places, or eligible for such listing.

data recovery. B reactor is listed on the

Wild and Scenic Rivers Act 16 U.S.C 1271 A Prohibits federal agencies from The Hanford Reach of the

recnrnmending authorization of any Columbia River is under study

wateir resource project that would have for inclusion as a wild and scenic

a direct and adverse effect on the values river.

for which a river was designated as a.
wild and scenic river or included as it
study area.

A = Potent ially appl icable, R&A = Potentially relevant and appropriate

Ik.
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Table 2-7. Potential State Location-Specific Applicable or Re,levant and Appropriate
Requirements for the 100-KR-1 Operable Unit.

J

N
Description Crtation R&A Requirements Remarks

Habitat Buffer Zone for Bald Eagle RCW 77.12.655

Rules

I Bald Ea;gle Protection Rules WAC 232-12-292 A Prescribes action to proted. bald Applicable if the areas of

eagle habitat, such as nestiing or remedial activities include bald

roost sites, thtough the eagle habitat.
development of a site
management hlan.

Regulating the Taking or Possessing RCW 77.12.040
of Game

Endangered, 7fireatened, or WAC 232-12-297 A Prescribes action to protect Applicable if wildlife classified as

Sensitive Wildlife Species wildlife classilied as endangered, endangered, threatened, or

Classific:ation threatened, or sensitive, through sensitive we present in areas

development of a site impaded by remedial activities.

management Wlan.

FA = potenitally applicable, R&A = Potentially relevanA and appropriate
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Table 2-8. Potential Location-Specific To-Be-Considered Guidance for the 100-KR-1 Operable Uniit.

tJ

80

- -

Description

-

Citation

i

Requirements

-

Remadu

Floodplains/Wetlands 10 CFR IPart 1022 Requires federal agencies to avoid, Pertinent if remedial aetivitiea lake

Environmental Review to the extent pouible; adverse place in a floodplain or wetlands.

effec:tr associated with the

development of a floodplain or the

destruction or loss of wetlands.

Protection and Enhancememof ExecutiveOrder 115'93 Provides a direction to federel Pertains to situ, attrucuuea, and

the Cultural Environmeot agencies to preaerve, reinore, and objects of historical, archaeological,

nuiwain cultural resaorces. or erchilectural signifjcance.

Hanford Reach SNdy Act PL 100-605 Provides for a comprehenaive river This law was enacted

conservation Wtdy. Prohibits the November 4, 1988.

construction of any dam, channel,

or navigation project by a federal

agency for 8 years after enactment.
New fedenland non-federal

projects and activities are required,

to the extent practicsble, to

ntinimize direct and adverse effects

on the values for whioh the river is

under study and to utilize existing

structures.

0
0
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3.0 LIMITED FIELD INVESTIGATION RESULTS

- 'Igtis chapter summarizes resuits frorn field investigations at the 100-KR-1 operable unit.

The following types of data are presented in the discussions of high-priority sites:

• Site location, size, characteristics, history, expected contaminants, and

results of historical sampling activities

• Geologic data obtained during the site investigation

• Results of field screening conducted during sample collection

• Borehole geophysical logging results for gamma-ray emitting radionuclides

• Results of laboratory analyses for TCL and TAL analytes, specific anions,

radionuclides, and physical properties (data validation qualifier codes are

included in analytical data appendices)

• Data applicable to potential groundwater impacts from liquid waste disposal

facilities in the 100-KR-1 operable unit obtained from the LFI of the

100-KR-4 eroundwater ooerable unit.

3.1 BACKGROUND SOIL SAMPLING

Background sampling is used to identify radiological, inorganic, and organic constituents in

the soil that occur naturally or as a result of widespread anthropogenic sources. The

characterization of background soil constituent concentrations has been conducted both on a 100-K

Area project-specific basis and on a Hanford Site-wide basis. The results of both of these

characterization efforts are presented below.

3.1.1 Operable Unit Specific Control

The 100-KR-1 operable unit project-specific control was determined based on two samples

collected from surface soil from a single site located outside the 100-K Area along the southern

boundary (see Figure 2-1). These control samples were analyzed for the same constituents as the

Ll~1 samples collected from boreholes or test pits at the high-priority waste sites. Results of

detected analytes are summarized in Table 3-1. The. analytical results for the operable unit control

samples were used to derive the 95' percentile assuming a lognormal (see Table 3-2) distribution

for comparative purposes with the Hanford Site background (see Section 3.1.2). The data on
operable unit control distributions are presented for informational purposes only. However, it
should be noted that the only radionuclides detected in the control samples are either naturally
occurring or have a wide-spread occurrence because of atmospheric fallout from nuclear weapons
testing. The activities of cesium-137_and uranium-238 are less than average activities found in off-

_site soils (PNI._ 1990)__Consequently, itisassumedthese-backgroundsamples ltave_ not heen

affected by operable unit disposal practices. In the absence of Hanford Site Background data on
radionuclides, it is appropriate to use operable unit specific control samples to qualitatively identify

__thoae_radionuclides_with_anoriginother than nast disposal nractice_.s.

3-1
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3.1.2 Hanford Site Background

The range in natural composition of soils at the Hanford Site has been recently

characterized (DOE-RL 1993b). The characterization effort involved the determination of the types

and concentrations of non radioactive analytes that exist naturally in soils across the Hanford Site.

In addition, physical properties and factors that might affect the natural soil chemical composition,

as determined by regulatory protocols, were also characterized.

The Hanford Site-wide approach for determining background is based on the premise that

all waste sites are part of a common sequence of vadose zone sediments, and the basic

characteristics that control the chemical composition of vadose zone sediments are similar

t::roughout the-site.- Thisapproach -has -theadvantage-of providing_a single, consistent set of data

for assessing the nature and extent of contamination.

Background concentrations were determined using the 95% (a = 0.05) upper tolerance limit

(UTL) for a lognormal distribution (DOE-RL 1993b). The UTL is the 95% upper confidence limit

for the 95th percentile of the distribution and serves as a statistically significant estimate of the

upper-population- litnit- of background-concentrations---T_he-Hanford-Site_backgrounl UTT.s for

inorganic analytes are presented in Table 3-2.

3.1.3 Identification of Contaminants of Potential Interest

Concentrations of inorganic constituents detected in LFI samples or reported in historical

reports are screened against their Hanford Site background 95% UTL. If a concentration exceeds

this value, then the inorganic constituent is considered a contaminant and is evaluated further.

Organic and radionuclide analytes detected in either historical or LFI samples from the operable

unit are considered contaminants and are carried through the LFI evaluation regardless of

background.

3.2 LFI RESULTS AT HIGH-PRIORITY WASTE SITES

3.2.1 116-K-1 Crib

The 116-K-1 crib is a 20 ft deep, excavated percolation basin 200 by 200 ft at its base and

400 by 400 It at its surface. The basin was designed to receive reactor coolant water from the

116-KE retention basin and the 116-KW retention basin during reactor outages. It failed to

percolate adequately and was replaced by the 116-K-2 trench. The 116-K-1 crib overflowed at

least once, resulting in direct discharge to the river. It is believed that 1E+07 gal of effluent was

disposed of at this site (Stenner et al. 1988). There is conflicting information, however, concerning

the number of times cooling water effluent was discharged to this basin (DOE-RL 1992a).

Additionally, an estimated 88 lb of sodium dichromate that was added to the cooling water process

to inhibit corrosion of the circulation system was disposed of in the crib (Stenner et al. 1988).

The 116-i{-i crib has been backniied with earth and capped with a 1 It layer of gravel
(DOE-RL_199_ic). _The-depth offrlLwas nnt aeported_ In 1990,a Yisual_site inspectinn showed
that the crib is enclosed by a cyclone fence and posted with radiation signs (DOE-RL 1992a).

3-2
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A single borehole was drilled inside the basin at this site during the LFI (see Figure 2-1).
Based on this borehole, the surficial soil at the 116-K-I crib is a sandy gravel to a depth of 9.5 ft
below land surface (bls). The log for the 116-K-I borehole notes that the top 9 ft is fill. It is
unknown if this fill was placed during construction of the site, as opposed to backfill after closure
of the facility. The lithology changes to sand at 9.5 to 17 ft his. At 17 ft the lithology changes to

siltv-sandv x^ravel to a depth of 26 ft, the to€al ^ ^°^*~ ... of theh^ borehole. A hardpan of unknown

character was noted in the borehole log at a depth of 17 ft bls. Hard drilling conditions resulted in
no sample recovery at that depth.

Historical and LFI information is summarized in Figure 3-1.

3.2.1.1 Historical Data. Dorian and Richards (1978) collected 16 samples from 5 locations in and
around the 116-K-I ctib and surrounding area. A.:alytical results are presented in Appendix B.

d.fr During sampling, radiation along the bottom of the crib averaged approximately 1,000 cpm with
localized contamination present up to 10,000 cpm.

3.2.1.2 LFI Data. Five depth intervals were sampled from borehole 116-K-1, which was located
-'f withir, the basin area (see Figure 2-1). The samples were collected at depths between 0 to 1 ft, 4

do-641; 10 to-12 ft,_L9_ to 21-ft, antf24 to 26 ft. These samnles were analyzed for radionuclides,
semivolatile and volatile organics, polychlorinated biphenyls (PCB), pesticides and metals.

Screening. Field screening for VOCs was performed using an OVM photoionization
detector. Area and site background VOC values were not reported in the borehole logs. However,
monitoring did take place throughout drilling and remained at <0.1 ppm.

- Radioactivity was monitored during field work using a Ludlum portable scintillation
detector. Area background registered 2,120 cpm y. Site background was reported to be 1,900 cpm
y and 0 cpm p, however, it was reported that the 0 probe was not working. Gamma measurements
generally ranged from 2,000 cpm to 3,000 cpm throughout drilling, except for between 4 to 6 ft
where it reached 8,000 cpm.

The site was also tested for hexavalent chromium at the bottom of the borehole, 26 ft. The
-sample testerl_rte.gative for hrxavalrnt rhrnminm

Sa®p1e-Analysis. Five samoles were cnllected and submitted for chemical and
radionuclide analysis from the 116-K-1 vadose zone borehole. Samples were taken at intervals
from 0 to I ft, 4 to 6 ft, 10 to 12 ft, 19 to 21 ft, and 24 to 26 ft. Concentrations of detected
analytes are presented in Table 3-3.

Toluene was the only VOC detected in the sample from the 0 to 1 ft range (see Table 3-3)
at the 116-K-1 crib.

Nn anetals or inorgan;c compounds exceeded the Hanford Site background 95% (a = 0.05)
rrTT,, . ^..

The foiiowing radionuclides were detected in the 116-K-1 crib: americium-241,
cesium-137, cobalt-60, europium-152, europium-154, plutonium-238, plutonium-239/240,
potassium-40, radium-226, strontium-90, thorium-228, thorium-232, uranium-233/234, and

_ _ _ uranium-238. Maximum radionuclide concentrations generally occurred in the 4 to 6 ft range
( sample B07HG3, see Table 3-3).
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Geophysical logging. A scheduling conflict prevented the use of the spectral gamma-ray
system from surveying the borehole at this waste management site. Instead, a gross-gamma system
was used. This survey detected a maximum of 4,600 counts per second (cps) at a depth of 4 ft
(see Appendix A for details).

3.2.1.3 Groundwater Assessment. Monitoring well 199-K-30 is located upgradient of the
116-K-1 crib and monitoring well 199-K-18 is down gradient (Figure 1-3). Based on preliminary
information contained in the 100-KR-4 LFI (DOE-RL 1993d), only tritium, carbon-14, arsenic,
beryllium, and chromium weredetected in the groundwater at concentrations in excess of risk-
based levels. Of these constituents only tritium and chromium were detected in the down gradient
well. The tritium concentration was lower in the downgradient well than in the upgradient well.
The tritium isopleths showed the tritium plume emanating from near the KE reactor rather than
from the 116=K-i Crib. Chromium concentrations in groundwater samples from the down gradient
well were higher than groundwater concentrations in the upgradient well. However, based on
chromium concentration isopleths, it appears the chromium concentrations emanate from the 116-
K-2 trench rather than the 116-K-1 crib.

3.2.1.4 Conclusions. The only organic compound detected in samples collected at the 116-K-1
site was toluene. Historical records do not indicate that this contaminant was disposed of in the
100-KR-1 operable unit. No inorganic contaminants were detected in concentrations exceeding the
Hanford-Sitebackground 95%iJTL.__-Histon_caLdatafor nrgar,ir-. and innrganic, non-radionuclide
constituents are not available for comparison.

LFI test results revealed the presence of radionuclides in all samples collected from the
borehole, with the maximum concentrations generally occurring in the 4 to 6 ft interval. This is
consistent with historical information in Dorian and Richards (1978), which showed the maximum

--- ------ Tadinnuc!i^*^ *_o*tcentrations inihe crib-were found in the upper 5 ft. Historical data, Lr test
results, geophysical logging, and screening data together show that maximum radionuclide
concentrations are found near the surface. The lack of significant concentrations at depth indicate
that the facility was probably not used extensively. It is possible that contaminated fill material
was used for backfilling. Consequently, the contamination at 4 to 6 ft may be an artifact rather
than evidence of contamination due to effluent disposal.

3.2.2 116-K-2 Trench

The 116-K-2 trench was excavated in 1955 to replace the 116-K-1 crib. It was designed to
percolate cooling water effluent into the soil column. The trench is approximately 4,000 by 45 ft
and 25 ft deep. In 1971, the sides and bottom of the trench were covered (except the end where
effluent entered the trench) with a layer of dirt and was later backfilled to grade.

-- This site received discharges from all contaminated floor drains from the reactor buildings
and approximately 500 gal/min basin overflow from the KE and KW reactors (DOE-RL 1993c).
Leakage through butterfly valves in the retention basins added an estimated 10,000 to 20,000
gaiimin of waste. Other inflows to the trench are thought to include dummy decontamination

--waste,- process-cooling water;-500 gaNrnniof-nsetalrstorage basin ftow,-and some special disposal
(DOE-RL 1993c). Chemical compounds that were dissolved in these effluents and disposed of in
the trench include an estimated 661,000 lbs of sodium dichromate, 1,100 lbs of copper sulfate,
22,000 lbs of sulfuric acid, and at least 22,000 lbs of sulfamic acid (Stenner et al. 1988).
AccordingtoStenner_etal. ( 1988),-a total_of 8E±1q gallonsof eifluent was deposited at this site.
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Several washout areas were created during the reactor operation along the north side of the

trench.- ExtensivE seepageoccurred through-thenorth side of the unitdue to the higher elevation

of the trench relative to the area between it and the Columbia River. Surface contamination

extended several hundred feet on the north side of the unit. In 1977, the area was covered with up

to a few feet of soil and gravel (DOE-RL 1993c).

A sittgle-borehole ( l I6-K-2) wa.,e drilled at the influent end of the trench (see Figure 2-1).

Borehole logs from the 116-K-2 trench show a sandy gravel soil that extends from 0 to 23 ft bls.

No soil samples were recoverable between 6.0 to 10.0 ft due to large cobbles and boulders. The

lithology changes to a silty sandy gravel between 23.0 and 25.5 ft and then changes back to a

sandy gravel from 25.5 to 26.0 ft. At 26.0 ft, the lithology is silty sandy gravel that extends to

27.0 ft. The lithology becomes sandy gravel from 27.0 to 29.0 ft and then changes to silty sandy

gravel to the bottom of the borehole at 30.0 ft bls. The borehole logs indicate that the top 25.5 ft

: r•e of soil is fill.

Historical and LFI information are summarized in Figure 3-2.

3.2.2.1 Historical Data. Dorian and Richards (1978) investigated the area inside the 116-K-2

trench by collecting 46 samples from 14 locations. Radionuclide activity levels measured in sample

holes ranged from less than 200 up to 12,000 cpm with a Geiger-Muller (GM) probe.

The area outside the 116-K-2 trench was investigated with 29 samples from 17 locations.

Surface contamination (0 to 2 ft) was identified approximately 150 ft north of the trench in a

former washout area.. Surface contamination in these washout areas had direct GM readings from

500 to 3,000 cpm. In 1977, this contamination was covered with a few feet of soil and gravel

(Dorian and Richards 1978). Analytical results of the Dorian and Richards study are presented in

Appendix B.

3,2.2.2-LFI Hata.--Five-depth intervals were sampled from within the basin area. The depth

intervals were 0 to 1 ft, 18 to 20 ft, 22.5 to 24.3 ft, 26 to 27.5 ft, and 29 to 30 ft. These samples
were analyzed for radionuclides, semi-volatile and volatile organics, polychlorinated biphenyls
(PCBs), pesticides and metals.

Screening. Field screening for VOCs was performed using an OVM photoionization

detector. Area background readings for VOCs before the start of drilling was 0.0 ppm. This level

remained constant throughout drilling.

Radioactivity screening was monitored during field work using a Ludlum portable
scintillation detector. Site background using the scintillation detector was 2,100 cpm y and 75 cpm
(i. Screening measurements for y- and (i-radiation ranged from 1,700 cpm to a maximum of

m
c-P...

and 50 c-pin to a max imum of 12,000 cpm, respech.vel.y Mmtmum count rates were280,000

detected at the surface and at the bottom of the borehole. The maximum count rate for both y- and
p-radiation was detected at a depth of 18 ft bls. The zone of radiation extended from 17 to 26 ft
bls.

The site was tested for hexavalent chromium at depths of 26.0 ft and 29.0 ft bls.
Hexavalent chromium was undetected (<500 ppb).

Sample Analysis. Five samples were collected from the 116-K-2 trench and submitted for
chemical and radionuclide analysis. Samples were taken between 0 to I ft, 18 to 20 ft, 22.5 to
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24.3 ft, 26 to 27.5 ft, and 29 to 30 ft. Analytical results of detected analytes are summarized in
Table 3-4.

:;ethylenc chloride, ietrachioroethane; toiuene; and trichioroethane were detected in the
116-K-2 trench. Methylene chloride was detected in all collected samples. Concentrations ranged
from 1 to 3 pg/kg, with the maximum occurring in the 18 to 20 ft his interval. Tetrachloroethane,
toluene, and trichloroethane were only found in one or two samples and the maximum
concentrations were also found in the sample collected from the 18 to 20 ft interval (see Table
3-4).

Inorganic contaminants for the 116-K-2 site whose concentrations exceed the Hanford Site
background UTL included chromium, copper, mercury, and zinc. The maximum concentrations for
all of these contaminants were all found in the-18 to 20_ft s-ample interval (see Table 3-4). Copper
concentrations exceeded background screening to the bottom of the borehole.

The following radionuclides were detected in the I16-K-2 trench: americium, carbon-14,
cesium-137, cobalt-60, europium- 152, europium- 154, europium- 155, plutonium-238,
plutonium-239/240, potassium-40, radium-226, strontium-90, thorium-232, uranium-233/234, and
uranium-238. Maximum radionuclide concentrations were generally found in the 18 to 20 ft
sample interval. Below the zone of maximum concentration (18 to 20 ft bls), the concentrations of
radionuclides decreased significantly. At the bottom of the borehole (30 ft bls) most radionuclides
were undetectable or equal to concentrations observed in the background samples (see Table 3-4).

Geophysical Logging. Man-made radionuclides identified during the spectral gamma-ray
survey of borehole 116-K-2 are cesium-137, cobalt-60, europium-152, and europium-154. Cesium-
137 was detected in the borehole survey from 16 to 26.7 ft. The maximum activity occurred from
17.5 to 20 ft and exceeded 200 pCi/g. Cobalt-60 and europium-152 were both detected in the
borehole from 15 to 25.5 ft at an activity exceeding 200 pCi/g. Europium-154 was detected in the
sur.+ey-from 15:5 to-24ft.---Tlte-maximum-activity-occltrred at-i8:5 ft and-exceeded 200 pCvg. it
isnoted in the-borehole survey-report (Appendix A) that the calculated values for cobalt-60 activity
^ L ll.. L L _I _ L _ Ti...C. 1 ',
1L'Alal unusually high VHIIIC\ II)r IlAl1tf1R1 6(lllV

3.2.2.3 Groundwater Assessment. There are five wells down gradient of the 116-K-2 trench:
199-K-18, 199-K-20, 199-K-21, 199-K-22, and 199-K-37. There are no upgradient wells identified
for this facility. These wells show that there is a chromium plume emanating from the 116-K-2
trench. No other contaminants of concern identified by the 100-KR-4 LFI (DOE-RL 1993d) show
elevated concentrations in the groundwater beneath the 116-K-2 trench.

3.2.2.4 Conclusions. The organic compounds methylene chloride, tetrachloroethane, toluene, and
trichloroethane were detected at trace levels (<10 pg/kg) in samples from the 116-K-2 site.
Maximum organic compound concentrations were detected in the 18 to 20 ft sample interval. Only
methylene chloride was detected (1 µg/kg) in a surface soil sample (0 to I ft). Historical records
do not indicate these contaminants were disposed of in the 100-KR-1 operable unit and no source
for these contaminants has been identified.

Chromium, copper, mercury, and zinc were all detected at concentrations that exceeded the
Hanford-Site background 95% (a = 0.05) Lil. and are considerea contaminants of potential

_-mteresL The-maximum-concentrattonof-these-cont,atr.tnants was fouttd-]nthe-18 to 20 ft saS,ple
interval. Contaminant concentrations decreased with depth, and except for copper, did not exceed
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the Hanford Site background UTL at the bottom of the borehole. Historical data for organic and

inorganic non radionuclide constituents are not available for comparison.

LFI test results show maximum concentrations of radionuclides in the 18 to 20 ft sample

interval. At the bottom of the borehole, most radionuclides were either undetected or similar in
magnitude with concentrations in operable unit specific-samples samples. This is comparable with

historical data presented in Dorian and Richards (1978), field screening results, and geophysical

logging.

3.2.3 116-KW-3 Retention Basin

The 116-K'vV-3 retention basin is a significant waste site for the 100-K Area. The retention

basin consists of three above ground tanks constructed of welded carbon steel plate, and each is
250 ft in diameter and 29 ft high. All tanks are mounted on reinforced-concrete foundations at
ground surface. The inlet structure to each tank consists of a 72 inch diameter pipe leading to an

outlet chute that discharges at the bottom of the basin. The 116-KW-3 retention basin was usedr=^
from 1955 to 1971 to retain effluent cooling water, allowing for thermal cooling of circulated water

and decay of short-lived isotopes before release to the Columbia River.

During operation, the retention basin frequently developed leaks. According to DOE-RL
(1993c), leakage rates through butterfly valves could have been as high as 5,000 to 10,000 gal/min.
The-first indications of large leaks occurred before 1965 when extensive ponding reportedly
developed between the basins and the road directly to the north. To prevent this ponding, 2 to 3 ft
of fill was placed in this area. Cooling water that leaked from the basins flowed overland and
under the road by way of culvert. Because the basins were less than 1000 ft from the shorelines, it
was a common occurrence for leaked effluent to reach the Columbia River.

In 1971, the basin was deactivated, pipe entrances were covered for wildlife control, and
the walls were washed down. According to DOE-RL (1993c), 4 ft of soil was placed at the bottom
of the basin.

A single borehole (116-KW-3A) was drilled in the basin. According to the borehole log,
3be- I-16-IGW-3=uasir _,onsiuts ofat;easL24 _ft-of-_fill.--.T-he soil is st at:fie^Ys fo1^; _ Fom.4 to
2.5 ft b1s, the soil is sandy gravel. At 2.5 ft the lithology changes to a slightly silty gravely sand
that extends to 3 ft. From 3 to 3.5 ft the lithology changes to silt. The lithology changes to
slightly silty gravely sand between 3.5 to 7 ft. From 7 to 14 ft. the lithology is sandy gravel and
from 14 to 24 ft bls the lithology is silty sandy gravel. No in situ material was sampled during
drilling.

Historical and LFI information is summarized in Figures 3-3, 3-4, and 3-5.

3.2.3.1 Historical Data. Dorian and Richards (1978) collected 10 samples from 6 locations inside
and adjacent to the 116-KW-3 basin. The average GM reading was 2,000 cpm for samples of soil
taken in fill material along the bottom of the basin. Predominant radionuclides present in the soil
colum.n as a result-of cooling w.ater-lea.ks-and-waste-disposal were trit^•^ -M,-60 nickel-63,
strontium-90, cesium-137, europium-152, europium-154, and europium-155y(Dorian and Richards
1978). A full list of radionuclide sample results is located in Appendix B (see Table B-6).
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Twenty-three samples were also collected outside the 116-KW-3 basin. Two samples were
generally collected from each location: one at the surface and one from 5 to 25 ft below the
surface. Soil contamination in the area surrounding the retention basin had GM readings from 500
to 1,500 cpm. The 116-KW-3 waste site had a total radionuclide inventory of 3.9 Ci.

3.2.3.2 LFI Data. LFI samples were collected adjacent to the basin on the north side (see Figure
2-1). A single borehole was drilled to determine the nature and vertical extent of contamination
beneath the tanks. Outside the basin, two test pits were dug to examine soil contamination due to
effluent leakage during basin operation.

Three samples were collected from the borehole at depths from 0 to 1 ft, 17 to 19 ft, and
22 to 24 ft. These samples were analyzed for radionuclides, semi-volatile and volatile organics,
PCBs, pesticides and metals.

-`-;

Two test pits located outside the basin were sampled at the surface (0 to 6 in), 10 ft, 15 ft
and 20 ft. One duplicate sample was collected from each test pit, therefore a total of five samples
were collected from each pit. These samples were analyzed for metals, volatile and semi-volatile
organics, pesticides, PCBs, radionuclides and total activity.

Screening. Field screening for VOCs during borehole drilling was performed using an
OV1Y1-photoionizationdetector. -- V-OC area background-wa.s-0.0-ppm-a-nd--re.tnained constan+.
thrnuuhnut drillinn^.___a____- --------o.

Radioactivity was monitored during drilling using a Ludlum portable scintillation detector.
Area background was reported at 2,230 cpm y and 30 cpm (i, while site background registered at
3,000 cpm y and <1 cpm P . Screening measurements during drilling for y-radiation and P-radiation
ranged from 2,000-to 3,000 cpm and <1 to 10 cpm, respectively.

The 116-KW-3 site was tested for hexavalent chromium at a depth of 24 ft. Hexavalent
chromium testing was negative.

The test pit excavations were also monitored during on-site activities for volatile organics
and radioactivity with the OVM and the GM, respectively. The readings remained below detection
throughout digging.

Sample Analysis. Detected analytes for samples collected from the borehole are shown in
Table 3-5. Detected analytes for samples collected from the test pits are shown in Tables 3-6 and
3-7.

Organics detected in samples from the borehole included di-n-butylphthalate,
tetrachloroethane, and toluene. Maximum concentrations for di-n-butylphthalate and
tetrachloroethane were found in the surface sample (0 to 1 ft bls). The maximum concentration for
toluene was found in the deepest sample at 22 to 24 ft bls (see Table 3-5).

The samples from test pit 116-KW-3B showed organic contamination from
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene, fluoranthene,
indeno(1,2,3-cd)pyrene, phenanthrene, pyrene, and toluene. These contaminants were found only in
the sample collected from the surface (see Table 3-6). Toluene was the only organic contaminant
found in the samples from test pit 116-KW-3C. It too was only found in the surface sample (see
Tabie 3-7).

3-8
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The only inorganic analyte in samples from either the borehole or the test pits found above
the Hanford Site Background UTL was cobalt. The cobalt concentrations in the sample from 10 ft
bls in test pit 116-KW-3B exceeded the UTL (see Tables 3-5, 3-6, and 3-7).

The following radionuclides were detected in either the borehole or the test pits:
cesium-137, cobalt-60, europium-152, europium-154, potassium-40, radium-226, strontium-90,
thorium-228, thorium-232, uranium-233/234, uranium-235, and uranium-238 (see Tables 3-5, 3-6,
and 3-7). In the borehole, most radionuclides were distributed uniformly with depth and only
europium-152 was present at concentrations that differed appreciably from the operable unit
background (see Table 3-2).

In the test pits, maximum concentrations were typically found at the surface. Cesium-137,
cobalt-60, europium-152, europium-154, strontium-90, thorium-228, uranium-233/234,
uranium-235, and uranium-238 differed appreciably from concentrations observed at the operable
unit background (see Table 3-2).

Geophysical Logging. The spectral gamma-ray survey of borehole 116-KW-3A detected
no man-made radionuclides. The total gamma activity did not exceed 140 cps. Details are shown
in Appendix A.

3.2.3.3 Groundwater Assessment. Well 199-K-34 is upgradient of the 116-KW-3 basin and well
199-K-33 is down gradient. The LFI for the 100-KR-4 operable unit (DOE-RL 1993d) shows that
carbon-14 was the only contaminant of potential concern with groundwater concentrations greater
in the down gradient well than in the upgradient well. All other contaminants were either not
detected or had lower concentrations in the down gradient well than in the upgradient well. The
116-KW-3 retention basin does not appear to have a significant impact on groundwater at this time.

.,,__.._.^,^,3A.--_^Q^^j^jon^ A nimber of nroanicrn[npNtnds lhrn7n(a)anthrarrne, benzo(a)pyrene,-._..,<.. . __ _-a_-- .^

benzo(b)fluoranthene, chrysene, di-n-butylphthalate, fluoranthene, indeno(1,2,3-cd)pyrene,

phenanthrene, pyrene, tetrachloroethane, and toluene) were detected in the surface soil in and

around the 116-KW-3 basin. The ongin of these compounds is uncertain. There is no record of
the use of these compounds in the reactor effluent.

Cobalt (inorganic metal) was detected in concentrations exceeding the Hanford Site
backgro-itttd 95g/o'cFPL-in a singlesample from 10 ft his at the i 16-KW-3B test pit. Therefore,
cobalt is considered a contaminant of potential interest.

LFI test results show the presence of radionuclides at all depth intervals in the boreholes
and test pits. Concentrations were generally greater near the surface. Below 15 ft, however,
radionuclideiconcentrationswere gener?Ily detPcred at concentrations equal to or less than the
concentrations detected in operable unit specific control samples (Tables 3-1 and 3-2).

Data collected during the LFI together with historical data show that there is widespread
, , m. .--- -- eontamtnatton rrthe surface soiis around the l ^o- .,,,nvJ-1 retention basin. This contamination is

likely the result of the basin leakage during operation. Based on sample data (historical and LFI),
screening, and geophysical logging, the contamination has not migrated to significant depths. The

-- horizontal extent of contamination has not been defined during the LFI.

3-9



DOE/RL-93-78
r)raft A

3.2.4 116-KE-4 Retention Basin

The 116-KE-4 retention basin is a significant waste site for the 100-K Area. The 116-KE-4

retention basin was used from 1955 to 1971. Like the 116-KW-3 retention basin, it was used to

retain effluent cooling water, allowing for thermal cooling of circulated water and decay of short-

lived isotopes before release to the Columbia River. The basin consists of three above ground

tanks constructed of welded carbon steel plate and each is 250 ft in diameter. Tanks at the 116-

KE-4 retention basin are 25 ft high. All tanks are mounted on reinforced-concrete foundations at

ground surface. The inlet structure to each tank consists of a 72 inch diameter pipe leading to an

outlet chute that discharges at the bottom of the basin.

During operation, this retention basin also frequently developed leaks. According to DOE-

RL (1993c), leakage rates through butterfly valves could have been as high as 5,000 to 10,000

gal/min. As with the I16-KW-3 retention basin, the first indications of large leaks occurred before

1965 when extensive ponding reportedly developed between the basins and the road directly to the

north. To prevent this ponding, 2 to 3 ft of fill was placed in this area. Cooling water that leaked

from the basins flowed overland and under the road by way of culvert. Because the basin was less

than-1{3E0 .`ffrom the-shoreiines, it was a common occurrence for leaked effluent to reach the

Columbia River.

In 1971, the basins were deactivated, pipe entrances were covered for wildlife control, and

the walls were washed down. According to DOE-RL (1993c), 4 ft of soil was placed at the bottom

of the basin.

- The 116-KE-4 site consists of about 16.5 ft of poorly sorted, silty, sandy gravel fill. In situ

material from 16.5 to 22.5 ft is also silty, sandy gravel but has fewer small cobbles and more very

fine pebbles, sand, and silt.

Historical and LFI information is summarized on Figures 3-6, 3-7, and 3-8.

3.2.4.1 Historical Data. Thirteen samples from 6 locations were collected inside the 116-KE-4
basin. The average GM reading was 2,000 cpm for samples of soil taken in fill material along the
bottom of the basins. Predominant radionuclides present in the soil column as a result of cooling
water leaks and waste disposal are tritium, cobalt-60, nickel-63, strontium-90, cesium-137,
europium-152, europium-154, and europium-155 (Dorian and Richards 1978). Sample results are
shown in Appendix B.

Eighteen samples from 12 locations were also collected outside the 116-KE-4 basin. Two
samples were generally collected from each location: one at the surface and one from 5 to 20 ft
betow the surface. Soil contamination in the area surrounding the retention basin had GM readings
from 500 to 1,500 cpm. The 116-KE-4 waste site has a total radionuclide inventory of 6.2 Ci.
Eighty percent of the total radionuclide inventory is thought to be contained within the soil
adjacent to the basins (DOE-RL 1992a).

---3.2A1.? LFi-Data. LFIsamples were collected adjacenttothe !anksanfl-outsidethe-basi.ns
downhill of the basins._Adjacent to the retention basin, a single borehole was drilled to determine
the nature and vertical extent of contamination beneath the tanks. Outside the basins, two test pits
were dug to examine soil contamination due to effluent leakage during basin operation.
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Borehole samples for chemical analysis were collected from within the basin area from
depths of 0 to I ft, 15 to 17 ft, and 20 to 22 ft. These samples were analyzed for radionuclides,
semivolatile and volatile organics, PCBs, pesticides and metals. Borehole samples were also
collected from 4 to 6, 10 to 12, 13 to 15, and 18 to 20 ft for analysis of physical properties (bulk
density, particle-size distribution, moisture content, moisture retention, saturated and unsaturated
hydraulic conductivity).

Test pits located outside the basin were sampled at the surface (0 to 6 in.), 5 ft, 10 It, 15 It,
and 20 ft. These samples were analyzed for metals, volatile and semi-volatile organics, pesticides,
PCBs, radionuclides and total activity.

^cr€zra€ns.F:e6d-scGe,-,3:ng for- V^Cs-dunng borehQle-drtlltttg-was-perferc:ed using a.,
- -- --- -- ------- ---- OVM photoin:azation d_tector. Area and site background for VOCs was 0.0 ppm and remained
^ constant throughout drilling.

Radioactivity was monitoted during drilling using a Ludlum portable scintillation detector.
Area background was recorded to be 2,100 cpm 'y, while site background was detected at 6,000
cpm y. Background P radiation was not reported. Screening measurements for y-radiation ranged
from 1,000 to 1,200 cpm throughout drilling. Screening measurements for 0-radiation ranged from
0 to 150 cpm.

The 116-KE-4 site was also tested for hexavalent chromium at depths between 22.0 and
22.5 It, Hexavalent chromium tests were negative.

The test pit area was monitored during on-site activities for volatile organics and
radioactivity with the OVM and the GM, respectively. The readings remained below detection
throughout excavation.

Sample Analysis. Four samples from three depth increments (one duplicate) at the
116-KE-4A borehole and five samples from four depth increments (one duplicate) at the
i i6-KE-4B and the 116-KE-4C test pits were analyzed for chemicals and radionuclides. Detected
analytes in the borehole and test pits are presented in Tables 3-8, 3-9, and 3-10.

Organics detected in samples from the borehole were benzo(a)anthracene,
benzo(b)fluoranthene, fluoranthene, pyrene, and toluene (see Table 3-8). Benzo(a)anthracene,
benzo(b)fluoranthene, fluoranthene, and pyrene were found only in one sample collected at the 0 to
1 ft interval but not its duplicate. Toluene was detected in the 20'to 22 ft sample interval.

- Acenapthene was detected in a surface sample collected at the 116-KE-4B test pit (see Table 3-9).

No metals or inorganic compounds were detected in samples from the 116-KE-4A borehole
or the I16-KE-4C test pit in concentrations above the Hanford Site background 95% UTL (see

------- --- -- ----Tab1Y.-_3-4,- _1P,st-pit1_M-KF,-4B^chromtL'Stt--waS=ikwiEd in the3urfaGeata concentration of RS 1
85 .

mg/kg (see Table 3-8), which exceeds the background UTL.

Radionuclides detected at the borehoie were cesium-134, cesium-137, cobalt-60,
europium-152, edropium-154, europium-155, plutonium-239/240, potassium-40, radium-226,
strontium-90, thorium-228, thorium-232, uranium-233/234, and nranium-238 (see Table 3-8).
Radionuclides detected in test pit 116-KE-4B were cesium-137, cobalt-60, europium-152,
europium-154, plutonium-238, potassium-40, radium-226, strontium-90, thorium-228, thorium-232,
uranium-233/234, and uranium-238 (see Table 3-9). Radionuclides detected in test pit 116-KH-4C
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were cesium-137, cobalt-60, europium-152, potassium-40, radium-226, thorium-228, thorium-232,
uranium-233/234, and uranium-238 (see Table 3-10). Maximum concentrations for the
radionuclides in the borehole and the test pits were generally found in samples collected at or near
the surface. At the bottom of the borehole or the test pits, the radionuclide concentrations were
either not detected or were not appreciably different from concentrations detected at the background
sample site, except that cesium-134 was detected in the borehole at 20 ft bls.

Four split spoon samples were taken in conjunction with the 100-KR-1 LFI for physical
property analysis. The samples were analyzed as described in Section 2.4. The results will be
used to support the 100 Area-wide physical properties report to be issued at a later date. Results
for bulk density, porosity, moisture content, and moisture retention are shown in Table 3-11.
^a^^.ated hydrauiic conductiv;ty and unsaturated hydraulic conductivity analysis have not been
completed.

Samples were collected from vadose borehole 116-KE-4A from 4 to 6 ft, 10 to 12 ft, 13 to
15 ft, and 18 to 20 ft bls. These samples were described in the field as silty sandy gravel with
30% to 45% gravel, 45% to 50% sand, and 10% to 25% silt (fines). Laboratory analysis or
particle size showed 49% to 73% gravel, 22% to 42% sand, and 5% to 9% fines. -

Geophysical Logging. The gamma-ray survey of borehole 116-KE-4A detected
potassium-40, uranium, and thorium at levels that are typical of naturally occurring radionuclides in
local sediments. The only man-made radionuclide detected was cesium-137, which was detected at
sevz-.al disconti,:uous depths thrughout the survey. An activity level of less than 0.2 pCi/g
occurred at 2.5, 5.5, 9.0 to 9.5, 12.5, and 14.5 ft. This activity approaches the minimum detection
level for the 80 second survey time. Details of the gamma-ray geophysical logging are shown in
Appendix A.

3.2.4.3 Groundwater Assessment. Wells 199-K-27 and 199-K-30 are upgradient of the 116-KE-4
retention basin, and well 199-K-32A is down gradient. The LFI for the 100-KR-4 operable unit
(DOE-RL 1993d) shows no contaminants of potential concern with groundwater concentrations
greater in the down gradient well than in the upgradient wells. The 116-KE-4 retention basin does
not appear to have a significant impact on groundwater at this time.

3.2.4.4 Conclusions. Organic compounds benzo(a)anthracene, benzo(b)fluoranthene, fluoranthene,
pyrene, toluene, and acenapthene were detected in samples from the 116-KE-4 site. Historical
records do not indicate these contaminants were disposed of on this site or used in the reactor
effluent. Their source is unknown. Chromium was the only inorganic compound detected in and
around the 116-KE-4 retention basin at concentrations that exceeded the Hanford Site background
TTTt. It was r[ntertaA in the cnrfo^P ^,.il

LFI test results show the presence of radionuclides at all depth intervals in the boreholes
-and-testpits.-Ho'wever; concentrations were generally greater neaaz the surface. Below 15 ft,
radionuclides were generally detected at concentrations equal to or less than the concentrations
detected in operable unit specific control samples (Table 3-1 and 3-2).

Data collected during the LFI together with historical data show that there is widespread
contamination in the surface soils around the 116-KE-4 retention basin. This contamination is
likely the result of the basin leakage during operation. Based on sample data (historical and LFI),
screening, and geophysical logging, the contamination has not migrated to significant depths but
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extends 10 to 20 feet below the surface. The horizontal extent of contaminated soils was not
defined during the LFI.

3.2.5 116-K-3 Outfall Structure

The 116-K-3 outfall structure consists of an open, reinforced concrete water box,
appioxi,7stciy 30 `vy 33 fi wlde e„u' 15 ft high. tne sttucture is 10 ft above grade and 20 ft below
grade. The outfall structure collected reactor effluent discharge from the 116-KW-3 and the
11 6-KE=4-retentiotrfiiasins.--VVaste from the structure was discharged to the center of the Columbia
River through a steel pipeline. The structure could also discharge to the river through an
emeraPnrv nvorflnw cnillwav........d....^^ .......w.. vY.......^.

No investigation of local geology has been conducted; however, it is expected that the unit
is underlain by sands and gravels similar to those encountered at other sites in the 100-KR-1
operable unit. No historical or recent sampling has been conducted at the site.

3.2.5.1 LFI Data. The 100-KR-1 did not include a field investigation of the 116-K-3 outfall
structure. Therefore data are not available for soil concentrations of organic, inorganic, and
radionuclide constituents; field screening for VOC and radiological contamination, or geophysical
borehole logs.

3.2.5.2 Groundwater Assessment. The unit is located adjacent to the river and there are no down
gradient wells in the vicinity of the site. Consequently, no assessment of impacts to groundwater
by this site can be made.

3.2.5.3 Conclusions. No site-specific information exists to evaluate contamination at the 116-K-3
outfall structure. Therefore, analogous sites will be used to determine likely contamination.
Analogous sites to the 116-K-3 outfall structure are identified in Table 1-1. Of these sites, only the
116-D-5 outfall structure and the 116-DR-5 outfall structure have been examined by an LFI. The
100-DR-1 LFI (DOE-RL 1993e) did not identify any metals above the Hanford Site UTL. Several
organic compounds were identified including trichloroethane, bis(2-ethylhexyl)phthalate,
butylbenzyl phthalate, and dieldrin. No source for these compounds was identified. The only
radionuclides detected at 116-D-5 were carbon-14, potassium-40, radium-226, and thorium-228.
No man-made radionuclides were detected. At the 116-DR-5 outfall structure, historical
informationadentified-radiological contamination-i.n.--su:face sample3_attd arbor,-74; uraninr-33;,
plutonium-239, and americium-241 were detected in a borehole. Based on the information from
analogous sites; it is possible that there is contamination remaining at the 116-K-3 outfall structure.

3.2.6 Process Effluent Pipelines

- _- The-dischargesystem includes effluent lines-from t 16-xF-a and 116-uvy-3 retention
basins to the 116-K-3 outfall structure, 116-K-1 crib, and 116-K-2 trench. Effluent discharge
pipelines-attd-vaives -may-have-de^loped leaics during their periods of operation.

No investigationoflocal geology has been conducted; however, it is expected that the unit-- -
is underlain by sands and gravels similar to those encountered at other sites in the 100-KR-1
operable unit. No historical_or recentsamnlinghas been conducted at the site
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3.2.6.1 Historical Investigations. Three of the four analogous sites for the process effluent
pipelines, listed in Table 1-1 were characterized_dunng a recent study (Beckstrom and Steffes
1986). Testing consisted of radiological characterization of direct and smear surveys of sample
pipe sections, isotopic analyses of scrapings taken from the interior section of the pipes and
isotopic analyses of the loose scale and sediment from the pipe located near the shore. No
contamination was found on the exterior of any pipe, therefore, the contact dose rate was zero.
Radioactive material was located on the interior surface and in the loose scale from inside the pipe
(see Table 3-12). The contact dose rate on the interior surface was less than 1 mrem/hr. The

_predonrinantisotopes found in the lines were europium-152 and europium-154. The concentrations
in the scrapings were higher than the concentrations in sediment inside the pipe (Beckstrom and
Steffes 1986). Contamination appears to be associated with rust and sediments held within the
pipes.

° 3.2.g2-LFI I?ata. T'he100-KP.-1did r.ot-'rnelude a field investtgation of the process effluent
<<: pipelines. Therefore, data are not available for soil concentrations of organic, inorganic, and

t°- radionuclide constituents; field screening for VOC and radiological contamination, or geophysical
borehole logs.

3.2.6.3 Groundwater Assessment. Because of the extensive nature of the process effluent
pipelines across the site and their proximity to other waste sites, no assessment of impacts to
groundwater can be made. it can be assutned that leaks/unp lanned releases that may have occurred
in the past in the pipelines may have been a contributor of contaminants to the groundwater.

----?.2.6.4 -Conclu..`ions.-- ^Io site -spec'tfic-:nformation exists-to-evaluati: eontaminat'ron at the-process
effluent pipelines. However, three of the four analogous sites identified-in-TWble 1-1 have been
examined. A study at these analogous sites (Beckstrom and Steffes 1986) shows contact rate on
the exterior of the pipe was zero, while on the inside it was <1 mrem/hr. Radionuclide
contamination exists as scale on the inside of the pipe. Because there is no contamination on the
exterior of the pipes, the immediate risk for contaminant migration is minimal. Note that potential
soil contamination due to pipeline leakage has not been specifically evaluated. Soil contamination-- -
can be evaluated during remediation using theohser_rationalapprnach.

3.3 DATA QUALITY OBJECTIVES

Data quality objectives for the 100-KR-1 LFI, including the decision types, the data uses
and needs, and a data collection program, were established in the 100-KR-1 RUFS work plan and
associated quality assurance project plan (DOE-RL 1992a). The overall project objective was to
produce data for one or more of the project purposes:

• Confirm or revise the conceptual exposure assessment models for specific
waste sites and/or areas of contaminated environmental media

• Support a qualitative risk assessment

• Support development and evaluation of IRMs

• Support the quantitative baseline risk assessment for the operable unit
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Support the ARARs evaluation

Support development, evaluation, and selection of a final remedial
alternative.

To fulfill these obiectives, the workplan established a data collection program using a
streamlined approach with a bias for action as outlined in the HPPS. This approach focused on
using a limited amount of new data at high-priority sites together with historical or analogous site
data to evaluate the need for IRMs with the intention to use the observational approach during
remedial measure implementation to complete any additional characterization needed to define the
extent nft9ntamination.

To ensure that data are sufficient to fulfill project data quality objectives, the data collected
during the LFI are evaluated against relevant precision, accuracy, representativeness, completeness,
and comparability (PARCC) parameters. Precision and accuracy goals are met by using methods
specified in the workplan with maximum detection or quantitation limitvalues and maximum
acceptable ranges for accuracy and precision. Representativeness is achieved by collecting samples

` at locauons and sampling depth or intervals that are specified in descriptions of work for the LFI
activities. Objectives for completeness of this LFI require that contractually or procedurally
established requirements for precision and accuracy be met for at least 90 percent of the total
number of requested determinations. A failure to meet the completeness criteria will be
documented and evaluated during the data validation process. The use of approved analytical
procedures, reporting techniques, and units as specified in the quality assurance project plan will
fac.t..htatecomparability of data sets

The LiT data repon'ed in this report were collected and analyzed in accordance with the
workplan (DOE-RL 1992a) and description of work (Green 1992). No discrepancies were noted in
the data validation reports (WHC 1992 a,b,c,d). Therefore, the data are judged to meet the PARCC
parameters and have been used accordingly to satisfy project objectives and are judged adequate to
meet data quality objectives for the 100-KR-1 LFI. The LFI and historical data all show similar
radiological contaminants and similar concentrations. Therefore, the historical data are considered
to be sufficiently accurate to provide additional information on extent of contamination. The LFI
data together with historical data are sufficiently complete to make IRIv1 decisions and for other

-- -
datauses.
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Sampling Results for 116-'K-t Borehole

Field Screening
11-92

Elev. 413.77 ft

0-1 1-

5

COX
f_^
S.r-
^

t°.et

10

W

? 15
x
^
a

0

20

25

Waste Site

116-K-1 Crib, used
1955-56.

Excavated percolation ba's£n,
20ft. deep by 2.00 ff. square
at the base and 400 it.
square at the t3p. The
basin received reactor
coolant from the 116--KE
and 116-KW retention.
basins but faile,d to percolate
adequately and was rep:laced
by the 116-K-2 Trench..

BoMom of crib.

Geologic Log
11-92

Oa 0.0-10.0
0d Sandy GRAVEL

10.0-17.0
SAND

Sample Location LFI Data
11-92 1 1-62

0.0-1.0 ^
B07HG1

17.0-19.0
No sample (Hardpan)

= 19.0-26.0
--- ' 1 Silty Sandy GRAVEL

4.0-6.0
807HG3

10.0-12.0
B07HG4

I

19.0-21 .0
B07HG6

24.0-26.0
B07HG7

Total Depth, 26.13 feet

3oJ ^

NOTES: ^

LFI Data - Analytical lab results for all inorgainio c,onstituients greater than 95% upper

threshold limits and all detected organic compounds and radionuclides are shown.

Field Screening - 'Action levels foir volatile organic compounds (VOC) was 10ppm and

for Grass Gamma (y ) radiation wp^ twice background. All Gross 7 raaliat£on was below

background ( 1900cprny).

I I

Cs-137, Eu-152
K-40, Ra-226
Th-228, Th-232

U-233/234, U-238

Toluene

Am-2'41, Cs-137
Co-60„ Eu-152
Eu-154., Pu-238

Pu-239/'240, K-40
Ra-2.26, Sr-90
Th-228, Th-232

U-233;P,24,, 11-238

Am-2'41, Cs-13'7
Co-60, Eu-152

E:u-t'54
Pu-239/2^0, K-40
Ra-226, Sr-90
Th-2:28, Th-23:2

U-233/23,^, U-238

K-40J Th-228
U-233/234, U-238

K-40, Ra-226
Th-229, Th-232

U-233/23,1., U-238

0.0 2100

0.0 8000 MAX

0.0 3000

1 0.0 12900

1 0.0 12200

I 0.0 12000

0.0 2000

Borehole log indicated the depth interval of Fill was 0 to 9.5 it. bgs.

Only a gross gamima survey was conducted in this borehole.

1976 Radlochemical Data^ - All radionuclides founp in samples from
the carre^panding depth inte rva£s are shown'. I '

197
(Dor

6 Radiochemical D
ian & Richards 19

at
7
a
8)

00.0
Cs-134, Cs-137
Co-50, Eu-152
Eu-154, Eu-155

2.5 Pu-238, Pu-239/240
Sr-90, U

5.0 Cs137, Co-60 5
Eu-152, Eu-154
Pu-239/240, Sr-90

Cs-134, Cs-137
Co-60, Eu-152
Eu-154, Eu-155

Sr-90, U
10.0 10

Cs-137, Co-60
Eu-9.52, Eu-155

Sr-90
^
W
4

Cs-134, Cs-137 Z
15•0- Co-•60, Eu-152 15

16.0 Eu-154, Eu-155
Sr-90 aw

20 0
Cs- 137, Co-60 20. Pu-239/240, U

24.0 Cs-h134, Cs-137
Sr-90 25

25.0

30

2-19-94 0e38 \J:M923E029\40266

Fiqpue 8-L Sumimary Diagrarn far the
ll6-1i;-1 Borehole..

9F-1

Gross Gamma
10-92
(CPS)



THIS PAGE
LEFT BL;ANK.



DOE/RL-93-78, Dratt A

r'-A
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^

^`e!
INJI
^Jf
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Sampling Results for 116-K-2 Borehole

Field Screening
11-92

Elev. 435.01 8

0-1

5

10

^
w

^

15
x
r
o-

0

20

Waste Site
Geologic Log

11-92

11 6-K-2 Trench, used
1955-71.

4000 ft. long, 45 ft. wide
and 25 It. deep (backfilled
1971). Received cooling
water effluent, contaminated
floor drains from 105
buildings, basin overflow
from KE and KW reactors
and dummy decontamination
waste.

pa 0.0-6.0
Sandy GRAVEL

6.0-7.0
BOULDER

7.0-10.0
No recovery

10.0-23.0
Sandy GRAVEL

23.0-25.5
Siity Sandy GRAVEL

22.5-24.3 ^
B07HK0

25
E3ottom of Trench. 25.5-26.0

Sandy GRAVEL

26.0-27.0
Sllty Sandy GRAVEL 26..0-27.5 --

27.0-29.0 B07HKi

Q ;Sandy GRAVEL
29.0-30.0
Silty Sandy GFiAVEL 29.0-30.0

30 B07HK2
Total Depth, 30.0 feet

NOTES:

LFI Data -- Analytical lab results for all Ilnorganic constituents greater than 95% upper
threshold limits and all detected organic compounds and radionuclides are shown.

Field Screening - Action levels for volatile organic compounds: (VOC) was 10ppm and
for Gross Gamma (7) radiation was twica background. All Grai,ss^ ry radiation was bslow,
backgroun d ( 1 600cpm 7 ).

0.0 1700 60

Cs-137, Eu-152, K-40
Ra-226, Th-228

Th-232, U-233/234 0.0 1700 60
U-238, Methylene

chloride
0.0 1800 60

Am-241, C-14
Cs-137, Co-60
Eu-152, Eu-154
Eu-155, Pu-238

Pu-239/240; Sr-90
U-233/234, U=238
Chromium, Copper 0.0 1900 70

Mercury, Zinc
Methylene chloride

Tetrachloroethene 0.0 1900 70

aluene, Trichloroethene 0.0 1800 70

Am-241, Cs-137
Co-60, Eu-152 1800 70

Eu-154, Pu-239/240 0.0 1800 70
K-40, Ra-226
Sr-90, Th-228 0.0 28000 60CI

Th-232, U-239/234 0.0 42000

11-238 0.0 280000 12000
Methylene chloride
TetracMoroethene

Cs-137, Co-60
Eu-152, K-40 60^000 5000
Ra-226, Sr-90
Th-228, Th-232 0•0 31600 2000

U-233/234, U-238

I
Copper 0,0 3200 1 00Methylene chlorideI

0.0 2000 60
Co-60, K-40
Ra-226, Sr-90 ^
Th-228, Th-232 0 2000 60

U-233/234, U-2i8 0.0 2000 5G)
Copper

Methylene Chloridia
Toluene

the corresppnding depth Irntervals are shownn_

1976 Radiochemicay Data

Borehole log indicated the depth interval of Fill was 0 to 25.5 ft. bgs.

1976 Rodrochemtcal; Data ,- All radionuclidesnfound in samples from

(Dorian & Richards 19 78 )

0.0
1.0

C-14, Cs-134
0

s-137, Co-60, Eu-152
2.0- Eu-954, Eu-155

H--3, Pu-238
Pu-239/40,, Sr-90, U

05
Cs-134, Cs-137

5' Co-60, Eu-152
Eu-;154, Eu-155

H-^3, Pu-238
Pu-239/40, Sr-90, U

Cs--134, Cs-137
Co•-60, Eu-152

10.0- Eu+152, Eu-155 10
H-3, Pu-238

Pu-239/40, Sr-90, U
12.0-

13.0 - C--14, Cs-134
s-137, Co-60, Eu--152

Eu-154, Eu-155

15.0- H-3,N1-63, Pu-2'38 15
Pu-239/40, Sr-90, U

5418.0

17.0-
17.5

18.C1

20 o
C:§-134, Cs-137

20. i
C1o-60, Eu-15.2

21.0 Eu-154, Eu-1°5
H-3, Pu-238'

22.0 Pu-239/40, Sr-90. U
23.0

Cs-134, Cs-1^7
25.0 Co-60, Eu-152 25

Eu-154, Eu-1J5
Pu--238, Pu-239/40.

27.0 Sr-90, U

28.0

29.9

130. 0 30

2-22-94 0:24 ^^JPM\923E029\40267

Figare3-2 Summary Diagram or the
116-K-2 Borehole.

8F-2

Sample Location LFI Data -N 1\
11-92 11-92 A-f yF ayQ^

`
Coi

0 ,? ^` ^ ^
0.0-0.8
B07HJ8

L

'18.0-20.0
B07HJ9

Spectral Gamma
11-92
(PCi/g)
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^i

(`v

Elev. 441.20 ft Waste Site

0

116-KW-3A Retension
Basin, 1955-1971.

Three 29 ft. high, 250 ft.
diameter, above ground tanks.
Received effluent cooling

5 water from 100-KW Reactor.

10

L5

1:^

Z 15
x
a
w
0

20

25

Geologic Log S
11-9 2

p 0.0-2.5

a
Sandy GRAVEL

. .
2.5-3.0
Silty Gravelly SAND

3.0-3.5
SIL-r

3.5-7.0
; Silty ^Gravelly SAND

7.0-'14.0
Sandy GRAVEL

Qa
'Q.. I

.6. I

^tl

O ' I
Q .^

O'.

14.0--24.0
Silty Sandy GRAVEL

:Sampling Results for 116-KW-3A Borehole

Field Screening
11-92

ample Location LFI Data
"11-92 11-92 Q^Q a^ ^

a ^? U^ ^ ^

4.0-1.0 0.0 2000
B07HG9 Cs-137, Eu-152

K-40, Ra-226 0.0 2100 10
Th-228, Th-232 0.0 2100 10

U-233/234. U-238 0.0 2100 10
Di-n-Butyphthalate

Tetrachlorpethene

15.0-17.0
807HH1

Cs-137, K-40
Ra-226, Th-228

Th-232, U-233/234
U-238

K-40, Ra-226
Th-228, Th-232

U-233/234, U-238

Toluene

Spectral Gamma
10-92 1976 Radiochemical Data
(pCi/g) (Dorion & Richards 1978)

0.0 0

1 0
Cs-134, Cs-137
Co-60, Eu-152

1.5 Eu-154, Eu-155
H-3, Ni-63

Th 2.0 L Pu-239/240
J Sr-90

5

K-40

0.0 2100 0

0.0 2200 10

0.0 2200 10

0.0 2100 0

0.0 3000 0

0.0 2000 1,0

0.0 2000 10

0.0 2000 10

0.0 2000 10

22.0-24.0

Total Depth, 24.0 feet

30 -j u

NOTES:

LFI Data -Analytical lab resulits Jor all inorganic: constituents greater than 95% upper
threshold lirnitsand all detectedorganic compounds and radionuclides are shown. i

Field Screening - Action levels for volatile organic compounds (VOC) was 10pIpm and
for Gross Gamrnc! (y) radiation was twice background. All Gross y radiation was below
background (3000cpm 7).

140 H 23 0 <2 <2

Maximum[^M`a' Survey
Depth 2.0.0 ft

f

----- --- - ---^._.

10

J4

-15 '
3
c_
W
n

20

25

Borehole log indicated the depth iinterval of Fill was 0 to 24 ft. Ibgs.

No manmali3e radionuclides were detected in the borehole survey.

1976 RadiGchemical Data - All rad.ionuclides at the conresponding depth
intervals are shown. Samples were collected i materiaddes;cribedas Fill.

30

^ ^, . , ^ . , ..._-,_ ...-^ , m^.....^.,.^.-,...

F'igure 3-3. 19ummary Diagram for the
116-KF7-M Borehole.

9F-3

,^ ^---- I
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Sampling Results for 116-KW-3B Testpit

^
^
^

r
^v

Waste Site

0

5

10

t^j
^.

'15
x.
o.l
a

20

:25

Geologic Log

116-KW-3A Retension
Basin. 1955-1971.

Three 29 ft. high, 250 ft.
diameter, above ground tanks.
Received effluent cooling water
from 100-KW Reactor.

30 -'

NOTES:

LFI Data - Analytical lab results for all inarganic: constituents greater than 95% upper
thre:shbld linnits and all detected organic; compounds and radionuclides are shown.

Field Stcreening - Action levels for volatile organic compounds (VOC) was 10ppm and
for Gros:s Beto Gamma (fiy) radiation was twice background. AIII Gross Aty radiation was
below baickglround (5ocpm

0.0 Dup. -
607233

10.0
B07235

15.0
807236

20.0
807237

LFI Data
9-92

Cs-137, Ca-60
Eu-152, Eu-154
K-40, Ra-226
Sr-90, Th-228

ITh-232, U-233/234
U-235, U-238

Benzo(a)Anthracene
Benzo(b)Pyrerte

Benzo(b)Fluoranthene
Chrysene, Fluoranthene
Imdenol(1,2,3-cd)Pyrene

Phenanthrene
Pyrene, Toluene

Cs-137, Co-60
Eu-152, Eu-154
K-40, Ra-226
Sr-90, Th-228
Th-232, U-238

U-233/234

Benzo(a)Anthracene

Benzo(b)Fluoranthehe
^Chrysene. Fluoranthene:

Pyrene, Toluene

K-40, Ra-226 ^,
Th-228, Th-23^

U-238, U-233/234
Cobalt

K-40, Ra-226
Th-228, Th-2132

U-233/234, U--2:38

K-40, Ra-226
Th-228, Th-232

U-233/234, U--238

Borehole Spectral/Gamma Log - No geophysical survey was oerformied.

1976 RWdiochemical Data - All radionuclides found in samples from
the corresponding depth intervals are shown. Sample locations are
located outside of the basin.

1976 Rodiochemical Data
(Dorian & Richards 1978)

0.0
1.0 TCs-134, Cs-137

Co-60, Eu-152
Eu-154, Eu-155
H-3, Pu-239/240

Sr-90

Cs-137, C:o-60
Eu-152, Eu-154

8,0 Eu-155, Sr-90

Cs-134, Cs-137
10.0 Co-60, Eu-152

Eu-154, E'u-155
H-3, Pu-239/240

H_3

Cs-137, (:0-60

15 0
Eu-152. Eu-154

. Eu-155, H-3
Sr-90

Cs-134, Co-60
20_0 - Eu-152. Eu-155

I Sr-90

0

5

10

Ci
^

15
x
a
w
0

20

2$.0-^ Cs-1:37, Sr-90 I

r

25

30

2-512-94 ae33 \.IPY\ 9215Ea29\ 40272

Figuv 3-4. Summary Diagram for the
116-K:W=3B Testpit.

SF4

Sample Location
9-92

0.0
807234

Field Screening
9-92
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Co
C.r-:
C=3

f

C^Jf
C`4

-,:.-
Qv^

V^

Geolo gic Log
Waste Site 11 -9 2

0 O 0.0-5.0
116-KW-3A Retension o6 Cobbley SAND

Basin, 1955-1971.

°Three 2.9 ft. high, 250 ft. o
diamete.r, above ground tanks.

-

Received effluent cooling water
5 from 100-KW Reactor. 5.0-15.0

: Cobbley SILT

10

Ci '<
wv_ -

Z 15

15.0-20.0
:o; Gravelly SAND

w
°o r

20

Sampling Results for 116-KW-3C Testpit

Sample Location LFI Data
11-92 11-92

0.0 -
807227

Cs-137, K-^-40

Ro-226, 1h--228
Th-232, U-233/234

U-238
i Toluene'

I

Cs-137, Eu--152
K-40, Ra-226

10.0
B07228 Th-228, Th--232

U-23:3/23A, U-238
10 .0 Dup .
B07239

K-40, Ra-226
Th-228, Th--232

^, U-238U-233/23,
15.0 1

B07229
K-40, Fia-226
Th-228, Th-232

U-233/234, IU-238

K^40, Ra-226

20.0 Th-228, Th-232
Total Depth, 20.0 feet B07230 -233/234, U-238

25

30 -1 -J

background ( 5ocpm #7).

Field Screening

NOTES:

LF1 Data - Analytical lab results for all inairganie constituents greater than 95% upper
threshold limits and all detected organic compounds and radionuclides are shown.

Field Screening - Action levels for volatile organic compounds (VOC) was 10ppm and

for Gross Gamma (y) - radiation was twice background. All Gross #y radiation was below

11-92

Q^ ^

o\3 c3 @` Cq

0.2 < Det. I I

1 0.2 1 <Det.

1 0 1 <Det.

0 <Det.

1 0 1 <Det.

'1976 Radiochemical Data
(Dorian & Richards 1978)

0.0

1 . 0
Cs-134, Cs-137
Co-60, Eu-152
Eu-154, Eu-155
H-3, Pu-239/240

Sr-90

Cs-137, Co-60
Eu-152, Eu-154

8,0 Eu-155, Sr-90

10 0
Cs-134, Cs-137
Co-60, Eu-152
Eu-154, Eu-155
Pu-239/240
Sr-90, H-3

15.0
Eu-152, Eu-154

f Cs_137.

Co-60

Eu-155, Sr-90
H-3

4
Cs-134, Co-60

20,0 Eu-152, Eu-155
Sr-90

25,0 -}- Cs-137, Sr-90

Borehole Spectral/Garnma Log - No geophysical survey was performed.

1976 Radiochemical Data -- All radionuclides found in samples from
the corresponding depth intervals are shown. Sample locations are
located outside of the basin.

0

5

10

^̂

15 ?

r=-
a
w0

20

25

;30

2-22-94 1:00 \JP14\923E029\402

Figure 3-5. Summary Diagram for the
116-KW-3C Testpit.
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Sampling Results for 116-KE-4A Borehole

Field Screening

^
^

^-j
^
^

^..

Elev. 441.20 ft

a-^

5-

10-

? 15-
^
o-
w
o -

20 -

Waste Site
Geologic Log

11-92

1 16-KE-4 Retention Basin,
used 1955-71. '

Three 25 ft. high, 250 ft.
diameter, above ground tanks.
Received effluen" cooling
water from the t100-KE
reactor.

= 0.0-22.5
' Si3ty Sandy GRAVEL

11-92
Sample Location LFI Data A,

^11-92 11-92 ^^ oyQ^
`_ `o ^? ^ Qt

0.0-1.0 0.0 1200

_

10
B07HJ2

Cs-137, Co-60
0.0-1.0 Dup. Eu-152, Eu-154

807HJ3
Pu-239/240 ^

K-40, Ra-226
0.0 1 100 150

Th-228, Th-232
U-233/234, U-238

I

Cs-137, Co-60
Eu-152, Eu-154
Eu-155, K-40
Ra-226, Th-228

Th-232, U-233/234
-238, Benzo(a)onthracene

^enzo(b)fluoranthene
Fluoranthene,

Pyrene

Cs-137, Eu-152

15.0-17.0
K-40, Ra-226

607HJ6 Th-228, Th-232
U-233/234, U-238

e:0.0-22.0
807HJ7

Total Depth, 22.5 feet

25 -

30-1 u

NOTES- I

LFl Data - Analytical lab results for all inorganic constituents greater than 95% upper
threshold limits and all detected organic compounds and radionuclides are shown.

Field Screening -: Action levels for vofatile organic compounds (VOC) was 10ppm and
for Gross Gammai (y) radiation was twice background. All Gross y radiation was below
background (2106cpm

Cs-134, K-40
Ra-226, Th-228

Th-232, U-233/234
U-238. Toluene

0.0 1000 100

0.0 1000 100

0.0 1100 150

0.0 1100 15i0

0.0 1100 150

0.0 1100 150

0.0 1100 150

0.0 1100 150

MAX

Spectral Gamma
10-92
(pCi/g)

1976 Radiochemical Data
(Dorian & Richards 1978)

0.0 0

10 Cs-134, Cs-137
1.5 Co-60, Eu-152
2.0 Eu-154, Eu-155

H-3, Ni-633.0 Pu-238, Pu-239/240
Sr-90, U

.5

-10

tz
w

.15 ?
^

w
0

20

25

30

Borehole lo,g indicated the depth Interval of RII was 0 to 16.5 ft. bgs.
iCs-137 was the only manmade radionuclide detected in the borehole survey, activity was < 0.2 pCi/g, and was not plotted.
1976 Radiochernical Data - AII radionuclides found in ^samples from the corresponding depth
lintervclls are shown. Samples collected in material despribed as Fill.

2-22-94 1:04 \JPU\923E029\,40269

Fiigare 3-6. Summary Diagram for the
116-KE-4A Borehole.
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DOE/RL-93-78, Draft A

Sampling Results for 116-KE-4B Testpit

^
^

^
e

tt

S^c°2

0

5

10

^J

15
^
o-
w
0

20

25

30 -j

Waste Site
Geologic Log

8-92

116-KE-4 Retention Basin,
used 1955-71.

Three 25 ft. high, 250 ft.
diameter, above ground tanks.
Received effluent cooling
water from the 100-XE
reactor.

NOTES:

LFl Data - Analytical lab results for all inorganic constituents greater than 95% upper
threshold limits and all detected organic compounds and radionuclides are shown.

Field Screening - Action levels for volatile organic compounds (VOC) was 10ppm and
for Gross Gamma (y) rc)diation was twice bockground.

Sample Location LF'I Data
8-92 8-92

0.0
807213 Cs-137, Co-60

Eu-152. EL- 154
Pu-238, K--40
Ra-226, Sr+-90
Th-228, Th--232

U-233/234, U-238
Chromiuwn, Acenapthene

Eu-i52, K-40
10.0 -^_ Ra-226, Th--228

807214
Th-232,U-233/234

10.0 Dup. U-238
607215

L
K-40, Rci-226
Th-228, Th-232

U-233/234, U-238

15.0 --- K-40, Ro-226
B07217 Sr-90, Th-228

Th-232,^ U-233/234
u-23s

"

K -40, Ra-226
20.0 Th-228, Th-232

E
B07218 -233/234„ U--238

u i

Field Screening
8-92

<Det. 300

<Det.l 75

<Det.1 75

<Det. 1 75

<Det. 75

1976 RadiochemicaE Data
(Dorian & Richards 1978)

0.0
Cs-134, Cs-137
Co-60, Eu-152
Eu-154, Eu-155
H-3, Pu-239/240

5.0 Cs-134, Cs-137
Co-60, Eu-152

1 Eu-154, Eu-155
Sr-90

Cs-134, Cs-137
Co-60, Eu-152

10.0 - Eu-154, Eu-155
Pu-239/240

Sr-90

Cs-137, Co-60
15.0 Eu-152, Eu-154

Eu-155, Sir-90

Cs-134, Cs-137

20.0
Co-60, Eu--152
Eu-154, Eu-155

Sr-90

Borehole Spectral/Gamma Log - No geophysical survey was pe.rformed.

1976 Radioche.mical Data - All radionuclides found in samples from the corresponding depth
intervals aresho'wn. Sample locations are locatedl' outside of the basin. ^

-o

-5

-10

-1.5 Z
x̂
a-
w0

-20

- 25

- 30

2-22-94 118 \JPM\923E029\4027C1

Figure 3-7. Siammary IJial;raim for the
ll6-KE-4B Testpit.

9P'_7

.



THIS PAGE INTENTIONALLY
LEFT BLANK



DOE/RL-99-78, Draft A

Waste Site

D-

r^ .
c

w^ .

! 10

116-KE-4 Retention 8asin,
used 1955-71.

Three 25 ft. high, 250 ft.
diameter, above ground tanks.,
Received effluent cooling wate.
from the 100-KE reactor.

w
v_

Z 15-

a.
W
^

20 -

25 -

Geologic Log
9-92

Sampling Results for 116-KE-4C Testpit

Sample Location LFI Data
9-92 9-92

0.0
807221 Cs-137, Cor60^

Eu-152, K--40
Ra-226, Th--228

Th-232, U-233/234
U-238

K-40, Ra-226
Th-228, Th--232

T

U-233/234, UJ-238
10.0

807222 K-40, Ra-226
10.0 Dup. - Th-228, Th--232
B07224 U-233/234, U-238

30 ^

NOTES:

LFl Data - Analytical lab results for all inorganic constituents grea^er than 95% upper
threshold limits and all detected organic compounds and radionucli 1 es are shown.

Field Screening -^ Action levels forvolatile organic compounds (VOCI:) was 10ppm and
for Gross Gomma (y) radiation was twice background. AIII Gross 6-y radiation was below
background (<75r-pm fly). l,

K-40, Ra-226
15.0 - Th-228, Th--2:$2

807225 U-233/234, U-.h-38

I

K-40, Ra-r26
20.0 -- Th-228, Th-^232

807226 U-233/234, U-238

Field Screening
9-92

Qay"Q^ L
o^`? c^``

<Det,. r <Det.

<Det. <Det.

<Oet- <Det.

<Det.l <Det.

<Det. •cD[et.

Borehole Speatral/Gamma Log I^-- No geophysical survey was performed.

1976 Radioclhemical Data - All radionuclides at the corresponding depth
intervals are shown. Sample locations are located outside of, the basin.

197
(Do

0

6 Radiochemical D
rian & Richards 19

ata
78)

-0.
-^ Cs-137C -134,

0
g
o-60, Eu-152

i

Eu-154, Eu-155
H -3, Pu-239/240

Cs-134, Cs-137 5
Co-60, Eu-152
Eu-154, Eu-155

Sr-90

Cs-134, Cs-137
Ca-60, Eu-152

10_0- Lu-154, Eu-155 -10
Pu-239/240

Sr-90

tj
w
u_

Cs-137, Co-60
15.0-- Eu-152, Eu-154 15

Eu-155, Sr-90 3_
a-
W
C]

s-134, Cs-137C
Co-60, Eu-152

20.0 -. Eu--154,, Eu-155 20

Sr-90

25

3 0

. 2-22-94 1:25 \,JPM\923E0129\4OS

Figur.i? ,3-8. Summary Diagram for the
116-ti]E-4C Testpit.
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DOE/RL-73-98
Draft A

Table 3-1. Anaiytes Detected in Operable Unit Control Samples.

Sample Number
(depth)

BO7HG1
(0 ft)

BO7HK3
(0 ft)

dionuclides pCi/g pCi/g

Cesium-134 ND 0.052

Cestum-137 -0:46 -0,V67

Gross Beta 12.0 15.0

Potassium-40 11.0 12.0

Radium-226 0.39 0.58

orium-228 0.72 0.78

orium-232 0.60 0.85

ranium-233/234 0.46 0.40

ranium-238 0.32 0.63

organics mg/kg mg/kg

Aluminum 5,480 8,030

e^se.^.:c <l.on l,onu

Barium 63.3J 78.6

eryllium 0- _54_ 0,44R

Chromium <6.7 9.00

Cobalt 8.30 10.7

Copper 11.7 12.7

Iron 16,400 20,100

Lead 6.40 <5.4

agnesium <2,870 3,580

Manganese 306 366

ickel 8.10 8.70

Nitrate-Nitrite (mg-N/kg) 3.71 ND

Potassium <911 1,470

Silver < 1.2 1.10B

Vanadium 42.0 44.9

inc 37.OJ 39.7

rganics ug/kg ug/kg

oluene 29.0 ND

ND = not detected

3T-1
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DOE/RL-93-78
Draft A

Table 3-2. Operable-Unit Specific Control and Site-Wide Background. (Page 1 of 2)

Local Control Hanford Site Background

Analvte - x $_, 95°! Xb Sb Nb 95% 95%
Distributiona Distributionc UTLd

Inorganics (mg/kg)

Aluminum 6,755 1,803 11,448 8,302 3,225 119 13,621 15,082

Antimony <3.2 <15.2 -- 65

Arsenic 1.43 0.67 2.94 4.2 1.66 117 7.63 9.0

Barium 71.0 10.8 95.9 94.5 32 119 155.9 174.6

Beryllium 0.49 0.071 0.65 1.1 0.34 117 1.58 1.8

Cadmium <0.3 -- <0.7 -- 117

Calcium <3470 --- 11,311 9,577 119 21,012 24,642

Chromium 6.2 4.0 15.2 11.3 6.09 119 24.13 28.2

Cobalt 9.5 1.7 13.58 12 3.01 118 17.58 18.9

CoPper ----- 12? 0.7- 13.9 t5 .8 - 5.3 119 25.3 27.9

Ii'oa i8,250 2,-616 2408 24,584 5,822 119 35,746 38,246

iead 4.`0 2.6 90.7 62 3.49 119 i2:61 14.9

Magnesium 2,508 1,517 6,411 5,250 1,588 119 7,970 8,760

Manganese 336 42.4 439 384 93.1 119 548 583

Mercury <0.06 -- 0.3 0.44 118 0.61 1:3

Nickel 8.4 0.4 9.43 13.2 4.96 119 22.16 24.7

Potassium 963 717 2,578 1,414 604 117 2,676 3,090

Selenium <0.82 <5 -- 98

Silver 0.85_-_ 0.35 1.69 1.5 1.22 117 1.48 2.1

Sodium <175 -- 480 787 117 969 1,393

Thallium <0.33 -- <3.7 -- 118

Vanadium 43.5 2.1 48.7 58.3 19.9 119 96.7 106.5

Zinc 38.4 1.9 43.0 52.6 13.1 119 74.7 78.9

Radionuclides (pCi/g)

Cesium-137 0.26 0.28 0.91 NR NR -- NR NR

Potassium-40 11.5 0.71 13.3 NR NR -- NR NR

Radium-226 0.49 0.13 0.84 NR NR -- NR NR

Thorium-228 0.75 0.042 0.86 NR NR -- NR NR

Tl+orium-232 n73 0.18 1.2 NR NR -- NR NR

Uranium-233/234 0.43 0.042 0.53 NR NR -- NR NR

3T-2a



DOE/RL-93-78
Draft A

Table 3-2. Operable-Unit Specific Control and Site-Wide Background. (Page 2 of 2)

Local Control Hanford Site Background

Malyte X S 95% Xb Sb Nb 95%
95%Distributiona Distributionc UTLd

Uranium-238 0.48 0.22 1.0 NR NR -- NR NR

Source: DOE-RL 1993b
a 95th percentile of the data for a lognormal distribution of the population estimate.
b_i4ieatt_(]I),-standard_deyiatinn fSl and sample size (N).

c--95tk:-percentileof-the-data-fcua-lognormaLdistribytion,-except_copper and magnesium, which are based on a

Weibuii disiribution.

d 95% upper confidence limit of the 95th percentile of the data distribution.

NR = not reported

3T-2b



DOE/RL-93-78
Draft A

Table 3-3 Analytes Detected in Samples from the 116-K-1 Borehole.

Sample Number B07HG1 BO7HG3 B07HG4 B07HG6 BO7HG7

Depth Interval 0-1 ft 4-6 ft 10-12 ft 19-21 ft 24-26 ft

adionuclides pCi/g pCl/g pCi/g pCi/g pCl/g

mericium-241 ND 1.7 0.047 J ND ND

esium-137 --- 0.34 _150 15 ND ND

obalt-60 ND 15 0.58 ND ND

Europium-152 0.09J 76 4.3 ND ND

Europium-154 -- Nll 12 0.74 ND ND

lutonium-238 ND 0.19J ND ND ND

lutonium-239/240 ND 2.4J 0.07J ND Np

otassium-40 10 17 13 9.6 13

Radium-226 0.47 0.57 0.42 ND 0.44

Strontium-90 ND 3.9 5.4 ND ND

orium-228 0.66 0.8 0.64 0.6 0.65

orium-232 0.77 0.74 0.46 ND 0.74

Uranium-233/234 0.49 0.61 0.35 0.29J 0.38

ranium-238 0.64 0.57 0.54 0.2J 0.44

Inorganics mg/kg mg/kg mg/kg mg/kg mg/kg

Aluminum 5,010 5,450 4,730 3,800 4,180

Arsenic ND 2.7 ND ND ND

Barium 57.8J 60.4J 59.6J 46J 50.1J

Beryllium ND ND 0.62 ND 0.52

Chromium ND 13J 10J 9.3J 11.1J

obalt 9.3 7.5 5.4 3.8 - 3.7
opper 14.7 27.3 10.6 11 20.1
on 18,800 16,500 12,700 8,840 8,080
agnesium 3,810 4,430 4,180 ND ND
anganese 298 281 238 185 170

viercury ND 0.31 ND ND ND

ck--,: 7.7 i0.7 9.8 7:7 --5.3
itrate/Nitrite (mg-N/kg) 18.6 ND ND ND ND

Vanadium 41.7 37.1 22.7 14.9 15.9
Zinc 35111 43.8J _28.5J 24,3T 24.IJ

Organics ug/kg -- ug/ke ug/kg ug/kg ug/kg

oluene 2 ND ND ND ND

= estimated value
ND = not detected

3T-3



THIS PAGE INTENTIONALLY
LEFT BLAivn



DvEixi,-93-78
Draft A

Table 3-4. Analytes Detected in Samples From the 116-K-2 Borehole. (sheet 1 of 2)

Sample Number BO7HJ8 BO7HJ9 BO7HKO BO7HK1 BO7HK2

Depth Interval 0-1 ft 18-20 ft 22.5-24.3 ft 26-27.5 ft 29-30 ft

Radionuclides pCi/g pCi/g pCi/g pCi/g pCi/g

Americium-241 ND 13 0.08 ND ND

Carbon-14 ND 11J ND ND ND

Cesium-137 0.014 1,900 17 0.14 ND

Cobalt-50 - ND 370 22 1.6 0.077

Europium-152 0.12 1,600 23 0.4 ND

Europium-154 ND 250 3.2 ND ND

Europium-155 ND 15 ND ND ND

Plutonium-238 ND 2.1 ND ND ND

Plutonium-239/240 ND 44 0.077 ND ND

Potassium-40 12 ND 14 13 12

Radium-226 0.49 ND 0.48 0.5 0.44

Strontium-90 ND 15 3.5 2.1 2.5

Thorium-228 1.1 ND 0.82 0.69 0.85

orium-232 0.71 ND 0.82 0.58 0.48

Uranium-233/234 0.54 0.81 0.61 0.35 0.48

Uranium-238 0.36 0.46 0.43 0.56 0.34

Inorganics mg/kg mg/kg mg/kg mg/kg mg/kg

Aluminum 7,430 5,900 6,450 6,330 5,680

Arsenic 2.5 2.1 1.5 1.4B 1.4B

Barium 63 58.2 74.7 64.5 122

Beryllium 0.68 - -- 0.37 0:44 --0,23B -0,58B

Chromium 11.2 153 21.7 17.2 14.9

Cobalt 10.1 7.8 7.5 5.8B 6.1B

Copper 18.6 44.9 ND 37:8 30.'7
Iron 21,000 17,000 13,900 11,600 12,700

Magnesium 5,050 4,290 4,350 -3,760 - 3,810
Manganese 309 229 297 249 284

Mercury ND 19 ND 0.13 ND

Nickel 11.3 14 10.7 9.1 10.1

Nitrate/Nitrite (mg-N/kg) ND 4.42J ND ND ND

Potassium 1,550 ND 1,240 1,180 1,220

Silver ND NI) ND 0,R6R 1.5B
Vanadium 42 39.4 26.3 25.8 23.3

Zinc 44.5J 1431 63.6J 39 35.5

31'-4a



DOE/RL-93-78
Draft A

Table 3-4. Analytes Detected in Samples From the 116-K-2 Borehole. (sheet 2 of 2)

Sample Number BO7HJ8 BO7HJ9 BO7HKO BO7HK1 BO7HK2

Depth Interval 0-1 ft 18-20 ft 22.5-24.3 ft 26-27.5 ft 29-30 ft

rganics ug/kg ug/kg ug/kg ug/kg ug/kg

Methylene Chloride 1J 3J 2J 2J 21

etrachloroethene ND 4J 3J ND ND

-ninene - --- ND- 5J ND ND 5J

richloroethene ND 2J ND ND ND

Note: Shaded values exceed Hanford Site UTL (Table 3-2).

J = estimated value

B For organics, analyte detected in blank sample, for inorganics, analyte was detected

at a concentration between IDL and CRDL.

ND = not detected

3T-4b



n^r. mi nq -ro

Draft A

Table 3-5. Analytes Detected in Jaaznpies From the 116-KW-3A Borehole.

Sample Number B07HG9 BO7HH1 B07HH2

Depth Interval 0-1 ft 17-19 ft 22-24 ft

Radionuclides pCi/g pCi/g pCi/g

Cesium-137 0.2 0.64 ND

uropium-152 0.29 ND ND

otassium-40 9.9 9.5 13

ium-226 0.42 0.39 0.49

orium-228 0.69 0.5 0.64

orium-232 0.57 0.45 . 0.68

Uranium-233/234 0.54 0.34 0.44

Uranium-238 0.43 0.42 0.33

Inorganics mg/kg mg/kg mg/kg

Aluminum 6,420 6,110 5,740

Arsenic 3.2 1.8B 2.2B

Barium 69.6 67.1 50.9

Beryllium 0.77B ND 0.2B

Chromiuni - 8 10.9 11.3

Cobalt 11.5 6.9B 5.4B

Coppee 21.2 20.7 11.3

on 23,200 13,400 11,100

Lead 14.8 ND ND

Magnesium 5,170 3,900 3,660

Manganese 359 246 210

Nickel 9.2 10.8 10.7

Nitrate/Nitrite (mg-n/kg) ND 3.03 ND

Potassium 1,230 1,110 1,060

allium ND ND 0.32

vanadium 49.9 33.1 26.9

Zinc 52.3 31.2 27.2

Organics ug/kg ug/kg ug/lcg

Di-n-Butylphkhalate 44BJ ND ND

etrachloroethene 4J ND ND

oluene ND ND 2J

Note: analyte detect in blank
J = estimated value
B For organics, analyte detected in blank sample, for
inorganics, analyte was detected at a concentration between IDL
and CRDL.
ND = not detected

3T-5
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DOE/RL-93-78
Draft A

TPble -1-6,- Analyte,, Detected in Samnles Collected from 116-KW-3B Test Pit.
(sheet 1 of 2)

Sample Number B07234 B07233 B07235 B07236 B07237

Depth 0 ft 0 ft 10 8 15 8 20 ft

Radionuclides pCi/g pCi/g pCi/g pCi/g pCi/g

Cesium-137 - 12 11 ND ND ND

Cobalt-60 0.89 1.1 ND ND ND

Europium-152 7.8 8.8 ND ND ND

Europium-154 1.1 1.2 ND ND ND

Potassium-40 12 11 14 15 16

Radium-226 0.5 0.6 0.63 0.86 0.85

Strontium-90 0.84J 1.1 ND ND ND

Thorium-228 0.81 0.86 1.1 1.2 1.7

Thorium-232 0.56 0.56 0.96 1.1 1.4

Uranium-233/234 17 0.6 0.7 0.74 1

Uranium-235 1.7 ND ND ND ND

Uranium-238 17 0.48 0.53 0.91 0.73

Inorganics mg/kg mg/kg mg/kg mg/kg mg/kg

Aluminum 6,370 7,370 9,860 7,990 7,960

Arsenic 1.9 1.9B 1.9B 4 4.1

Barium 64.6 66.7 90.4 75.8 65.4

Beryllium - - 0.39B 0.58B 0.613 0.478 0.53B

Chromium 17.8 16.3 14.8 16.8B 17.2

Cobalt 10.4 10.1 90.48 7.5 7.38

Copper 16.7 18.3 15.3 13.2 11.8

Fluoride ND 3 3 ND ND

on 20,100 18,800 20,300 16,300 16,100

Lead 8.2 11.3 6.5 ND ND

Magnesium 4,500 4,610 4,300 6,070 6,360
^R o o. u.,guuw^- -- - - zna--- w znowu - 1,0wo nnn

47^
qc2
46

Mercury 0.11 0.2 0.06B 0.06B ND

Nickel 10.4 10.7 11.8 15.2 15.7

N sete/Nitrite (mg-N/kg) 18.8 9.18 ND ND 2.91
Phosphate 14 15 14 ND ND

Potassium 1,510 1,620 1,990 1,610 1,080

Silver I.1B ND 0.95B 0.84B 0.98B

Vanadium 47 43.2 44 33 33.9

Ginc 58.1 59.4 52.4 ND 39.7

3T-6a



DOE/RL-93-78

Draft A

Table 3-6. Analytes Detected in Samples Collected from 116-KW-3B Test Pit.
(sheet 2 of 2)

Sample Number B07234 B07233 B07235 B07236 B07237

Depth Oft Oft 10ft 15ft 20ft

ganics ug/kg ug/kg ug/kg ug/kg ug/kg

enzo(a)anthracene 370 170J ND ND ND

enzo(a)pyrene 130J ND ND ND ND

enzo(b)fluoranthene 340 160J ND ND ND

Chrysene 310J 170J ND ND ND

P`iuoranthene 980 270J ND - ND ND

Indeno(1,2,3-cd)pyrene 45J ND ND ND ND

Phenanthrene 390 ND ND ND ND

Pyrene 750 220J ND ND ND

oluene 11 5J ND ND ND

Note: Sample B07233 is a duplicate of B0723A
Snaded vaiues exceed Hanford Site UTL
B = for organics, analyte detected in blank sample, for inorganics, analyte was detected at a
concentration between iDL and CRDL.
I = estimated value
ND = not detected

3T-6b



DOE/RL-93-78
Draft A

Table 3-7. Analytes Detected in Samples Collected from 116-KW-3C Test Pit.

Sample Number B07227 807228 B07239 B07229 B07230

Depth Oft lOft 10ft 15ft 20ft

Radionuclides pCi/g pCi/g pCi/g pCi/g pCi/g

ros,^.*n_t17 0.19? 0.2?i ^?D ND ND

Europium-152 ND 0.42 ND ND ND

°u`^ass•.•^;m^0 12 14 13 12 12

Witlfn-226 0.51J - - --- 0.68J -- - 0.65 - - - 0.54 - ---0.53

orium-228 0.977 1.3J 1.1 0.97 1

orium-232 0.71 0.96 0.88 0.95 0.92

^Uranium-233/234 -^ 0.51 -i 0.65 -^ 0.6 -^ - 0.59

Uranium-238 0.42 0.61 0.59 0.5 0.62

Inorganics mg/kg mg/kg mg/kg mg/kg mg/kg

Aluminum 5,440 7,060 7,560 7,550 5,650

Arsenic ND ND 3.5 ND ND

Barium 70.7J 62.77 59.9J 62.9J 58.3J

Beryllium - - -- - -- - 2._5 ND ND 0.71 ND

Chromium ND 13.1 13.8 14.3 10.5

Cobalt 10.6 7.3 8.1 8 5.8

Copper 19.8 15.3 21.8 19.9 16.6

Fluoride ND ND ND ND 3J

iron 19,64N00 14,300 - 16,701 15,800 10,500

Lead 14.8 ND ND ND 7.61

IMagnesium 4,330 5,210 5,970 5,290 3,670

Manganese 356 259 274 283 217

Nickel 14.3
1

15.9 14.8 12

Potassium 1,090 1,420 1,500 1,320 1,160

Vanadium 41.4 29.5 35.1 30.4 19.5

Gi11C ---- - - - --- - - - - 46.7 .36.9 38 38 26.9

Organics ug/kg ug/kg ug/kg ug/kg ug/kg

ioiuene 4 ND ND ND ND

Note: Sample B07239 is a duplicate of sample B07228.
J = estimated value
ND = not detected

3T-7



DOE/RL-93-78
Draft A

Table 3-8. Analytes Detected in Samples Collected from 116-KE-4A Borehole.

Sample Number B07HJ2 B07HJ3 BO7HJ6 BO7HJ7
Depth Interval 0-1 ft 0-1 ft 15-17 ft 20-22 ft

Radionuclides pCi/g nCi/¢ nCi/¢

V

nCi/s
Cesium-134 ND ND ND 0.056
Cesium-137 1.3 1.5 0.35 ND
Cobalt-60 1 0.46 ND ND
Europium-152 7 6.4 0.47 ND
Europium-154 1.2 1.1 ND ND
Europium-155 ND 0.16 ND ND
utomuni-239/240 0.03J ND ND ND
otassium-40 10 12 11 16

Raditim-226 -- 0.48 0.5 "v.44 0.5
orium-228 0.72 0.66 0.74 0.66
orium-232 0.77 0.47 0.78 0.77

Uranium-233/234 0.5 0.55 0.39 0.44
Uranium-238 0.56 0.55 0.45 0.32

Inorganics mg/kg mg/kg mg/kg mg/kg
Aluminum 5,430 6,430 6,260 5,570
Barium 60.6 68.7 65.8 60.4
Beryllium ND 0.39 ND ND
Chromium 9.5 10.3 12.4 11.1
Cobalt 11.3 12.7 8.7 6.1
Copper 22.3 20.3 14.8 12
Iron 22,700 25,500 17,100 11,900
Lead 6.4 6.2 ND ND
Magnesium 4,390 4,970 3,930 3,580
Manganese 303 417 266 213
Mercury ND 0.06J ND ND
Nickel 8.3 9.6 8.1 9.5
Potassium ND 1,120 ND 1130
Silver ND 0.79 ND ND
.'anadium- -- - 48.9 58.8 42.4 27.5
Zinc 44 50.8 35.2 28.1
Organics ug/kg ug/kg ug/kg ug/kg
Benzo(a)anthracene ND 53J ND ND
Benzo(b)fluoranthene ND 46J ND ND
Fluoranthene ND 62J ND ND
Pyrene ND 67J ND ND
Toluene ND ND ND 2.1
Note: Sample B07HJ3 is a duplicate of sample B07HJ2.

J = estimated vaiue -
ND = not detected
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DOE/RL-93-78
Draft A

Table 3-9. Analytes Detected in Samples Collected from 116-KE-4B Test Pit.

^^ .,.

i4.^.

^^...

Sample Number B07213 B07214 B07215 B07217 B07218

Depth Interval 0 ft 10 ft 10 ft 15 ft 20 ft

Radionuclides pCi/g pCi/g pCi/g pCi/g pCi/g

Cesium-137 2.1 ND ND ND ND

obalt-60 2.7 ND ND ND ND

uropium-152 21 0.071J ND ND ND

Furopiemt-154 2.9 ND ND ND ND

lutonittm-238 0.054 ND ND ND ND

otassium-40 13 12 12 13 13

Radium-226 0.47 0.41 0.04 0.42 0.38

ScYOniium 93 i: 7 ND ND 0.81J ND

Thorium-228 0.67 0.75 0.85 0.8 0.66

orium-232 0.69 0.54 0.7 0.69 0.77

Uraniutn-133/"234 0.4 0.37 0.21J 0.41 0.46

Uranium-238 0.33 0.41 0.4 0.51 0.41

Inorganics mg/kg mg/kg mg/kg mg/kg mg/kg

Aluminum 7,660 4,590 5,720 4,960 5,040

Barium 55.7 36.7 38.4 36.6 34.5

Beryllium 0.34 ND ND ND ND

Chromium 85.1 8.8 10.4 9.3 9.3

Cobalt 8.9 4.8 4.6 4.4 4.8

Copper 18 16.6 18 14.7 19.2

Iron 17,400 8,260 9,510 8,620 8,730

Lead 7.2 ND ND ND ND

Magnesium 4,650 ND 3,430 3,300 ND

Manganese 240 163 167 139 159

Nickel 11.7 9.8 10.8 9 10.1

Potassium 1,470 ND ND 1,140 ND

Vanadium 45 14.5 17.8 15.9 15.6

Zinc 46.91 23.6J 26.4J 26J 24.11

.^.: a:.ees$ u°/ks$ u-5 k$ u-S/ic(; u„tg g ug/kg
Acenapthene 99J ND ND ND ND

Note: Sample B07215 is a duplicate of sample B07214.
Shaded values exceed Hanford Site UTL.
J = estimated value

ND = not detected
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Table 3-10. Analytes Detected in Samples Collected from I 16-KE-4C Test Pit.

Sample Number B07221 B07222 B07224 B07225 B07226

Depth Oft lOft lOft 15ft 20ft

dionuclides pCi/g pCi/g pCi/g pCi/g pCi/g

Cesin-m-137 1.3 ND ND ND ND

Cobaii-`w^ 0.47 ND ND ND ND

amninm-152 -- 1.2 - ND - ND - ND -- ND

Potassium-40 15 13 13 13 14

adium-226 0.77 0.53 0.53 0.43 0.43

orium-228 1.2 0.92 0.65 0.83 0.81

Thorium-232 1.1 0.73 0.73 0.68 0.7

Uranium-233/234 0.66 0.45 0.32 0.47 0.41

Iranium-238 0.6 0.42 -0.39 0.42 0.35

Inorganics mg/kg mg/kg mg/kg mg/kg mg/kg

Aluminum 8,150 5,430 5,790 4,860 4,950

Arsenic 2.2 0.84 0.68 ND ND

Barium 67 38.1 56 37.5 31.1

Be[YlllLLlll - ------ V.43 V.1L -ND ND 1VL

Chromium 21.7 10.1 21 8.5 8.7

ero),nt._ - -- 10.2 4.9 5.8 - 4.5 4.3

Copper 16 17 14.8 14.4 14.8

lron 20,700 10,100 11,100 9,160 8,950
Lead 6.2 ND ND ND ND

Magnesium 6,040 3,480 4,350 ND ND

Manganese 325 168 129 158 163

Mercury 0.07J ND ND 0.37J 0.42J

Nickel 14.4 9.4 11.4 8.7 8.8

Nitrate/Nitrite (mg-N/kg) 7.24J ND ND ND ND

Potassium 1,340 ND 1,450 ND ND

Vanadium 45.7 20.3 22.3 17.2 17.2

inc 48.3J 27.4J 29.2J 24.5J 25J

Note: Sample B07224 is a duplicate of sample B07222.
J = estimated value
ND = not detected.

11 1!,
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Table 3-11. Physical Properties of Samples Collected from 116-KE-4 Borehole.

Sample Numbe BO7LK2 B07LK3 BO7LK4 BO7LK5

Dep 4-6 ft 10-12 ft 13-15 ft 18-20 ft

Particle Size Distribution

% Gravel 49.1 73.3 50.0 59.0

% Sand 41.8 21.7 41.2 33.4

% Fines (silt + clay) 9.1 5.0 8.8 7.6

Bulk Density (g/cm') 2.01 1.82 2.03 2.08

Porosity (%) 27.1 NR 25.9 23.43

Ivioisiure Content (%) 4.49 NR 3.86 2.46

% Moisture Retention

ii cm tensioi 12.55 5.67 12.04 10.50

35.5 cm tensio 12.21 5.37 11.88 10.58

99 cm tensio 10.13 4.32 10.04 7.49

500 cm tensio 6.62 2.98 6.64 3.76

1000 cm tensioi 5.58 2.40 5.59 3.31

2040 cm tensioq 4.44 1.80 4.35 2.33

7,140 cm tensio 3.39 1.39 3.04 1.39

10,200 cm tensio 3.04 1.27 2.65 1.20

NR = not reported
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Table 3-12. Process Effluent Pipeline Characterization Data.

-_ --- isoiopic ?nalysis ___-Aciivity Level (Beta-Gamma)
Site

Sample Isotope pCi/g Direct Technical Smear
cpm/probe*** cpm/200 cm2

100-C Pipeline section
inner surface 33,000 6,700

Loose scale* (:n-60 150

Eu-152 3,400
Eu-154 580
Eu-155 51

Pipe scrapings** Co-60 600
Eu-152 7,700
Eu-154 1,300
Eu-155 150

100-DR Pipe section 33,000 6,700
inner surface

Loose scale
^^

150
.sCs-137 25

Eu-152 1,700
Eu-154 310
Eu-155 16

Pipe scrapings Co-60 670
Cs-137 28
Fu-152 7 ,000

I Eu-154 1,200
Eu-155 83

100-F Pipe section 20,000 10,000
inner surface

Loose scale Co-60 120
Eu-152 6,500

I _ Eu-154 1,000
_ Eu-155 73

Pipe scrapings Co-60 330
Eu-152 12,000
Eu-154 1,900
Eu-155 93

Source: Beckstrom and Steffes (1986)
* ..T o^°° scale samples were taken from sediment lying in the underwater pipe.
-..- Pi e acra in s were taken from the inner surface of mec t e tii e it l fp p g u onap p s c er- remova rom
the river.

1-**ivominaf eificiency for the P-i 1 Probe ased for these results is 1075.
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4.0 QUALITATIVE RISK ASSESSMENT OF THE 100-KR-1 OPERABLE UNIT

This chapter provides a summary of the methods and results of the QRA that was
performed for the high-priority waste sites in the 100-KR-1 operable unit (WHC 1993e).
Details concerning the selection of contaminants of potential concern, exposure and toxicity
assessments, the risk characterization and the uncertainty analysis may be found in the QRA for
the 100-KR-1 operable unit (WHC 1993e).

4.1 QUALITATIVE RISK ASSESSMENf PROCESS

The QRA is an evaluation of risk for a predefined set of human and ecological exposure
seena€i3s. 'I^te QIiAis ^tittteT.ded3o teplacev; be- sm'^strrete for a-haceline risk assessment.
Consequently, the QRA is streamlined to consider only two human health scenarios (frequent and
occasional use) with four exposure pathways (soil ingestion, fugitive dust inhalation, inhalation
of volatile organics, and external radiation exposure) and a limited ecological evaluation. The
use of these scenarios and pathways was agreed to by the 100 Area Tri-Party Unit Managers
(December 21, 1992, and February 8, 1993). Future waste site risk estimates considering the
decay of radionuclides to the year 2018 and the effect on external radiation exposure from

=h . shielding provided from current soil and gravel covers are also presented. Frequent and
occasional use exposures (residential and recreational exposure scenarios, respectively) and Great
Basin pocket mouse habitat are assumed at the site in order to provide a conservative estimate of
risk. However, since the 100-KR-1 operable unit is not used for residential or recreational
purposes currently, and because of the uncertainty associated with Great Basin pocket mouse
P,ZCpoSUrr. at the site, arfiial riaka at the site may be lower than estimated in the QRA.

4.1.1 Approach

Ihe QRA is conducted using the Hanford Site Baseline Risk Assessment Methodology
(HSBRAM) (DOE-RL 1993a) as guidance and
consists of the following:

• An evaluation of the data sources and/or process information

• Identification of maximum constituent concentrations, where data is
available

• A human health risk evaluation

• An ecological risk evaluation.

Key factors that contribute to uncertainty throughout the risk assessment process are also
identified.
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4.1.2 Guidelines Used in the Qualitative Risk Assessment

The following guidelines were agreed to by the Tri-Party Unit Managers prior to
'„'c"":.... .^,e nn n
ycaavauaaaa^ uac Y^.

• Site-wide soilbackground concentration-data-are_used-toscreeninorganic
rnnatinaanta

Historical radionuclide concentrations (without considering daughter
products) are decayed to 1992.

• The maximum contaminant concentration within the upper 15 ft of soil ,
either-frem-histo€ical-or-LFI-data; is used to esti,;,ate risk in the QRA.

^---__ _--_- • Two scenarios, frequent use and occasional use, are evaluated in the
human health section of the QRA.

• For the human health exposure assessment, the pathways evaluated in the
QRA are soil ingestion, fugitive dust inhalation, inhalation of volatile
organics, and external radiation exposure.

• Ecological scenarios are evaluated using the Great Basin pocket mouse
because it is a key component of the Hanford area food chain and a
biological endpoint with a range similar in size to the dimensions of most
individual waste sites.

SeveraLother_guidelines_are_use<iin_the-QRA. Thedataco!Iection Anrinv the LFI for the...... .b .....

operable unit followed-a known proeess andtherefore -t'te data are considered to be of high
quality. Historical data (e.g., Dorian and Richards 1978) are considered to be of medium
quality because the data were not validated and documentation was less rigorous. Where
historical data do not specify uranium isotopes, uranium-238 is evaluated because it represents
>99%9fnaturaLuranaum.---Chrrmium-isassutned to be present as r(VI) because itY..,,..,... ,.., chromium,
provides the most conservative evaluation and chromium was not speciated during analysis.
Nickel in the soil environment is not considered carcinogenic because the pyrolytic activity that
generates the carcinogenic form of nickel was not present in the operable unit. If toxicity factors
are not available for a constituent, surrogate factors are generally not used unless specifically
noted.

The qualitative risk estimations are grouped into high (lifetime incremental cancer risk
[ICR] > IE-02), medium (ICR > IE-04 to 1E-02), low (ICR 1E-06 to 1E-04), and very low
(ICR< 1E-06) risk categories. A frequent-use scenario is evaluated in 2018 to ascertain
potential future risks associated with eachwastesite after additional radionuclide decay. For the
current occasional-use scenario, the effect of radiation shielding by the upper 6 ft of soil on the
external exposure risk at each waste site is evaluated.

Forthe _ecological-rick ac.cessment, metals are assumed to be completely bioavailable for
uptake by vegetation. The identified concentrations are assumed to be uniformly distributed over
the site, biologically active, and available for transport. Environmental hazard quotients (EHQ)
for ecological exposure to radionuclides are based on an exposure limit of 1 rad/day (DOE Order
5400.5) and the no observable effect level (NOEL) dose.

4-2



DOE/RL-93-78
Draft A

4.2 HUMAN HEALTH QUALITATIVE RISK ASSESSMENT

The QRA provides estimates of risk that might occur under frequent-use or occasional-
------- --- --- - 3se scenarios basedunthebestavailable-k,^.owle-dge of current contaminant conditions, but it

does not represent actual risks since neither frequent-use nor occasional-use of high priority sites
currently occurs.

4.2.1 Overview of the Human Health Risk Evaluation Process

The frequent-use and occasional-use scenarios are evaluated using residential and
recreational exposure parameters respectively, from DOE-RL (1993a). Frequent-use is addressed
for current (1992) and future (2018) contaminant concentrations. Air inhalation of volatile
organics is eliminated from this analysis because volatile organics are not present above
preliminary risk-based screening levels in the soil at any waste site. Therefore, inhalation of
volatile organics is not a likely exposure pathway for this operable unit. For the soil ingestion

+ and external exposure pathways, maximum sample concentrations from the upper 15 ft of soil^ -.. -
are used. For the fugitive dust inhalation pathway, maximum contaminant concentrations in the
upper 15 ft of soil are used in conjunction with a particulate emission factor. This factor relates

°• contaminant concentrations in the soil to concentrations of respirable particles in the air due to
fugitive dust emissions. Quantification of exposures is conducted using Section 2.3 of DOE-RL
IIYYSAI

The external exposure pathway is also evaluated for the current occasional-use scenario
--- ----- -------------- while cnnaidnrina the offnrt of ch101d1ng by existing soil cover. In this evaluation, only.b ..._ ......... of .._

radionuclides detected in the upper 6 ft of soil are considered as contributors to external radiation
exposure. These external exposure risks are considered to be more representative of current site
conditions where activities in a contaminated zone are controlled.

Section 2.3 of DOE-RL (1993a) contains the general procedures followed in the QRA for
toxicity assessment. The toxicity assessment in the QRA involves the selection of slope factors
and reference doses for contaminants of potential concern and includes sufficient toxicity
information on contaminants of potential concern to assist project managers in reaching decisions
-on ticivis.

Risk characterization for the individual waste sites differs depending on the type and
amount of data available for the specific waste site. Risk characterization is conducted in
accordance with Section2,4 of DOE-Ri. (1993a). The. risk characterization for each site is
erfor°med bealcui- p by ating eontaminant-specifc ii:ics and Hi1s and then summing contaminant-

specific risks to obtain a risk estimate for the waste site.

For sites where sampling data are not available to calculate ICRs and HQs, the risk
characterization consists of a qualitative discussion of the site, the potential threat posed by the
site, and the confidence in the information available to assess the threat. Risk estimates from
analogous sites are used, where appropriate, to qualitatively determine possible contaminants and
potentiai risk ieveis.
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4.2.2 Results of the Human Health QRA

-An overview of_thehl,n he.allth QRA and-assoclared uncertainties for the 100'KR'1
QRA are summarized in the following sections.

Information summarized in Tables 4-1, 4-2 and 4-3 for the human health QRA includes:

• Data availability and confidence in data

• The_Qualitative rislr actimatinn

• The risk-driving contaminants for the frequent-use and occasional-use
scenarios

• The risk-driving pathways for the frequent-use and occasional-use
scenarios

The risk drivingeonta*ninants for-batlr the frequent use and oceasional A;se scenulos are
generally radionuclides and the primary risk-driving pathway is usually the external exposure
pathway.

The high-priority waste sites listed in Table 4-2 of the 100-KR-1 work plan
(DOE-RL 1992a) are evaluated in the QRA. Where LFI data were not collected, historical data
were used in the risk assessment. Where sampling data were not available, risk estimates from
analogous waste sites (if any) were considered in evaluating the potential risk from the waste
site.

Based on the QRA, the high-priority waste sites within the 100-KR-1 operable unit are
all grouped in high, medium, and low risk categories as shown in Table 4-3.

The 100-KR-1 operable unit waste sites with data are categorized in the frequent-use
scenario in 1992 as follows:

• High human health risk potential

1i6n-1 Crib

1I6--K-2 trench (inside trench soils)
ii6-KVJ-3 retention basin (inside and outside basin soils)
116-KE-4 retention basin (inside basin soils and inlet chute scale)

Medium human health risk potential
116-K-2 trench (outside trench soils)
116-KE-4 retention basin (outside basin soils).

The--1-00-KR 3operable-unit waste-sites-with-data arecategorized in the occasional-use
scenario in 1992 as follows:

High human health risk potential
116-KE-4 retention basin (inside basin inlet chute scale)
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Medium human health risk potential
116-K-i crib
116-K-2 trench ( inside trench soils)
116-KW-3 retention basin (inside and outside basin soils)

116-KE-4 retention basin (inside and outside basin soils)

Low human health risk potential
116-K-2 trench (outside trench soils).

The 100-KR-1 operable unit waste sites with data are categorized in the frequent-use
- scenario -in?t318 as- follows:

_______------ • High hnman health rick pntrntial
--------- ----

116-K-1 crib
116-K-2 trench (inside trench soils)
116-KE-4 retention basin (inside basin soils)
116-KE-4 retention basin (inside basin inlet chute scale)

Medium human health risk potential
116-K-2 trench (outside trench soils)
116-KW-3 retention basin (inside and outside basin soils)
116-KE-4 retention basin (outside basin soils).

The risks, both carcinogenic and non-carcinogenic, presented in this QRA are
deterministic estimates given multiple assumptions about exposure, toxicity, and variables.
Consequently, uncertainty exists for the evaluation of the contaminants, the exposures, the
toxicities, and the risk characterization for the QRA. This uncertainty is discussed more
extensively in the following sections. -

4.2.3 Summary of Key Uncertainties in the Human Health Risk Assessment

In general, the QRA is based on a limited data set. Uncertainties are associated with
both the contamiaants-identified for each a aste-site-and the concenu,ia:s of the contaminants.
Collected samples may not be representative of conditions throughout the waste site, and
historical data may not accurately represent current conditions. Confidence in the contaminant
identification and concentrations is therefore rated medium. Because the samples may not be
completely representative of the site risks may be overestimated or underestimated. The use of
maximum concentrations from a conservatively-biased sampling scheme could result in an
overestimation of risk. The collection of limited numbers of samples could result in an
underestimation of risks.

Uncertainty exists with respect to the identification of specific contaminants. Where the
isotope of uranium is not specified, uranium is evaluated as uranium-238. The slope factors for
dh-,various-urarium isotcpes differ slightly from one another, resulting in slightly different risks
if each is evaluated separately. The valence state of chromium identified in the QRA samples
was not known. For the risk estimate, the most toxic form was assumed (Cr VI). Therefore,
inhalatlon Iisksare overestimated if r-.hrnmit,m exist^ as the less toxic form (Cr III)
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External exposure slope factors are appropriate for a uniform contaminant distribution,
infinite in depth and areal extent (i.e., an infinite slab source), with no clean soil cover. For
high-energy gamma emitters (e.g., cobalt-60 and cesium-137), the assumption of an infinite slab
source can only be satisfied if these radionuclides extend to nearly 6 ft below ground surface and
over a distance of a few hundred meters or more. If the site being evaluated is smaller than this,

or if the site has a clean soil cover, use of external exposure slope factors is likely to provide
risk estimates that are unrealistic.

When Utere isahighAegreeo£ uncertaaintya.ssociated -with- the-'m-fr±rtnation used to
determine toxicity, there is less confidence in the assessment of the risk associated with
exposure. The primary sources of these uncertainties include the following:

• Use of information on dose-response effects from high-dose exposure
scenarios to predict effect at low-dose exposure scenarios

• Use of animal dose-response data to predict effects in humans

• Use of short-term exposure data to extrapolate to long-term exposure, or
vice versa

• Use of dose-response information from a homogeneous animal or healthy
human population to predict the effects that may occur in the general
population where there are varying sensitivities to different contaminants.

Uncertainty in the risk characterization also results from summing ICRs and HQs across
^•^•nram:^.a . and pa4hways, a process which gives equal weight to toxicity information derived
from different sources orspecies.--E xpnan re.s Yo-multiple-contatnanants-may result-in-additlve
effects or effects that are greater or less than additive.

4.3 ECOLOGICAL QUALITATIVE RISK ASSESSMENT

The purpose of the qualitative ecological risk assessment is to estimate the ecological
risks from existing contaminant concentrations in the 100-KR-1 operable unit to the Great Basin
pocket mouse.

The 100-KR-1 operable unit is a terrestrial waste unit. The approach consistent with the
objective of the QRA is to assess the dosetothe-GreatBasinpocket mouse.--The mouse is used
as the indicator receptor because its home range is comparable to the size of most waste sites and
Eould-receive most of irs dose from a-waste-site. :'1-.is a;lows a risk comparison between waste
sites.

iontamia^tts fo'and in the soi: at waste si^es w^u;;u ine iw-i+'1-1 operable unit include
radioactive and nonradioactive elements. For nonradioactive elements, ecological effects are
evaluated from uptake from the soil by plants and by accumulation of these elements through the
foodweb. Radioactive elements have ecological effects resulting from their presence in the
abiotic environment (external dose) and from ingestion (e.g., dose from contaminated food
consumption), resulting in a total body burden. Total daily doses to an organism can be
estimated as the sum of doses (weighted by energy of radiation) received from all radioactive
elements ingested, residing in the body, and available in the organism's environment.
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Radiological dose calculation methodology as reviewed by Baker and Soldat (1992), were applied
in the QRA.

The radiological dose an organism receives is usually expressed as rad/day. Exposure
can result from both external environmental radiation and internal radiation from body burden.
External 'uose is iess than 196 of the total dose (internal and external); therefore, external dose to
an animal as small as a pocket mouse, at this site, can be ignored (Appendix D of DOE-RL
1993a). Internal exposure includes both body burden (contaminants that are taken into the body
from all pathways) and- dosefrom recent food consumption which is still in the gut. All
exposure pathways are added in determining total organism dose.

The assessmentand measurementendpoint_is+dieLealth and-mottality,-respectively, of
theGreatBasin pocket-mouse.-This-is consistent with the objective of the qualitative ecological
risk assessment. The dose to the pocket mouse is used to screen the level of risk of and..e,
individual waste site. For radionuclides, mouse dose is compared to 1 rad/day (Order DOE
5400.5; IAEA 1992). For nonradiological contaminants, dose is compared to toxicity values.

Risk is evaluated for the Great Basin pocket mouse based on a two-step accumulation
model (e.g., soil-to-plant and plant-to-mouse) operated on a waste-site-by-waste-site basis, since
each waste site approximates the size of the Great Basin pocket mouse home range. Because of
the lack of site-specific data other than soil, it is assumed the receptor spends some fraction of its
life in the site, obtains all its food from the site when present, and all consumed food is
contaminated.

For nonradiological constituents, concentrations estimated in mice were compared to
reported benchmark or potentially toxic concentrations. For radiological constituents,
concentrations in mice are converted to dose. Total dose for all radionuclides is compared to
published effect levels and regulatory standards where available.

The major route of contaminants to plants is assumed to be direct uptake from soil.
InAestion of v¢etatinisassumed to he a mainr route of Pxnnanrr to the ;,^OSe for both^ - . _ r.,.,...,, ..,
nonradiological and radiological constituents. For radionuclides, the exposure pathway
considered uptake from contaminated food resulting in internal exposure. For both radiological
and nonradiological contaminants, the dose is based on receptor whole-body concentrations.
Metals are assumed to be completely bioavailable for uptake by vegetation, which is consistent
with the objectives of the QRA.

43.1 Results of the Ecological Evaluation

A qualitative ecological evaluation is completed for radiological constituents for the
100-KR-1 operable unit. Soils along the 116-K-2 Disposal Trench and inside, adjacent, and
outside the 116-KW-3 Basin exceeded the 1 rad/day benchmark with an EHQ >1. For sites
where the total dose is greater than one, strontium-90 exceeds the EHQ by itself and is the
primary dose contributor (see Table 4-4). Strontium-90 is present in the upper soil level (0 - 6
ft) of 116-K-2 and 116-KW-3 and is therefore available to the mouse.

For nonradiological constituents, the 116-KE-4 Basin (outside only) exceeded the
concentration corresponding to the NOEL for chromium (see Table 4-5).
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4.3.2 Summary of Key Uncertainties in the Ecological Evaluation

The uncertainty in contaminant concentrations for the ecological evaluation is related to
the accuracy of the data. For the QRA, uncertainty exists in both contaminants identified and
exposure concentrations. As for the human health assessment, the maximum contaminant
concentration is used.

The QRA models the potential exposure of wildlife suspected to be present in or near the
waste site. The issues ofconcern withtegard-toecalogicalriskassessmenr (pArnr„larty
qualitative) are the uncertainties in using an assortment of environmental variables in risk
mode,ing. - T7tis begins with the source term. if this number is not realistic, no amount of
modeling will overcome this deficiency. For example, in the case of the QRAs, the maximum
reported waste concentration is used as the source term no matter how deep this concentration
was found.

-a^

Generally, site-specific organisms (e.g., pocket mouse) are identified as being associated
with a site, but little if any data may exist concerning transfer of contaminants to site specific
organisms. Often, it is necessary to use biological trophic transfer information for related
species.

A significant source of uncertainty in the exposure scenario is the assumption that the
waste site is uniformly contaminated, and in the case of the mouse, all foodstuff is assumed to be
contaminated. No provision is made for dilution of contaminated foodstuff by non-contaminated
foodstuff. It was also assumed that contaminants were not passed through the gut but completely
retained ( 100% absorption efficiency).

To complete the QRA for the 100-KR-1 operable unit it is necessary to use data from
surrogate organisms (e.g., white-tailed mouse) in place of the pocket mouse since no site data
are available for this organism. This contributes to overall QRA uncertainty. In addition,
transfer coefficients used to model uptake of contaminants from soil to plants are not Hanford
specific, the approach does not consider whether roots of a plant actually grow deep enough to
contact a contaminant, and the model does not account for reduced concentrations from plant to
seed (it was assumed the seed concentration is the same as the plant). The pocket mouse food

----------- :.:.nSumptionrate is generalized; seasonal behavior (nlDernation) that can reduce internal

1}T enA 1'..d., i...^a^^..̂ ' •l___'
^ _I ....... ... no ,PY^kT6_e _..._......................aw.

Uncertainty associated with wildlife toxicity values is significant, particularly for non
radiological contaminants. The approach used in the QRA tends to build conservatism into the
toxicity value.
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Table 4-1. Summary of Data Availability and Data Confidence (for sites where data are available).

Summary of Data Availability and Data Confidence'

Waste Site Historical LFI Data from Confidence in Confidence in
Datae Data" the same Contaminant Contaminant

Medium° Identification Concentrations

Sites with LFI data and historical data

f 1141K-1 Crib R -iO Yes medium medium

116-K-2 Trench R R,I,O Yes medium medium

i16-ndJ^ R R,I,O Yes medium medium
Retention Basins

116-KE-4 R R,I,O Yes medium medium
Retention Basins

= Not applicable
• Summary of inorganics are screened against Hanford Site Background Levels.
R = radionuclide, I = inorganic, O= organic contaminant

° LFI and Historical Data are from the same medium (e.g., both from soil) or from different
media (e.g., soil and sludge).
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Table 4-2. Human Hea11:h Data and Risk Assessment Summary (for siteti where only process knowledge is available).

- --^ Suspected Qualitati.ve ---
Site Disposal InfoCma.tii>n Risk-Drivin;g Description Risk , Rationale for Rating

Contaminants andl Notes Ratinga

- ^--- - --'^- ---
116-K-3 Outfall Unknown volume of treated siumd37, cobalt-fA, inforce^d concrete bui,&ding, measuring Mediurn 1610.5 outfall structure
structure rocess effluent from ali. other uropium-152, and 30 x 30 x 15 ft, with two 84 in. steel the LOD-DR-1 operable

waste sites within the 1(b-KR= uropium-154 ffluent liines and a concrete Gned it has a high risk
I operable unit. verflow spillway (the sprilling has been stimate.

emoved and disposed):

Yfluent umped water from the' KE Cesium-137, cobalt-60, 00-KR-1 operable unit pipeline system Mediurin 00-13GI operable unit
Discharge and KW reactors from 1955 to, uropium-152, and hich conveyed effluent to the 5 other rocess effluent pipelines
Pipelines and 971. uropium-154 astes sites. ave. a high risk
Valves stmlatEt.

a Rating is qualitative based on process information, analogous site information, and s,ite-specific information such as size, potential contmninants, and location of
onlaminations as indicated underrationale column, but the 100-KR-1 sites are rated medium because of the uncertainty associated with assuming that conditions

are identical between similar waste sites at different operable units in the 100 Area.
0

^ l>3
x E^
y ^o

lJ
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Table 4-3. Human Health Risk Assessment Summary (for sites where data are available).

Human Health Risk Assessment Summary

Frequent-Use Scenario Occasional-Use Scenario

Qualitative Risk Qualitative
Waste Site Estimation Risk Driving Risk Risk Driving

Contaminant' Estimation Contaminanta
1992 2018 (and pathway") (1992) (and pathway

Sites with LFI and historical data

116-K-1 Crib High High R(O,I,E) Medium R (E)

116-K-2 High High R(O,I,E) High R (O,I,E)
Ffflue^t

..Trenwl I

116-KW-3 High High R(O,I,E) Medium R (I,E)
Retention O(I) 0(1)
nnn:nn
uaoaam _ .. _ . .

116-KE-4 High High R(O,I,E) High° R (O,I,E)
Retention I(In)
Basins

= Not applicable
' R radionuclide, O= organic, I = inorganic contaminant
0 oral, In = inhalation, E = external exposure pathways

° Based on exposure to inlet chute scale, not on soils inside and outside the 116-KE31 retention
basin.
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Table 4-4. Environmental Hazard Quotients Summary for
Radionuclides by Waste Site.

Waste Site Dose Rate Exceeds EHQ of 1

116-K-1 Effluent Crib No

116-K-2 Trench Yes

116-KW-3 Basin Yes

116-KW-3 Basin (Outside) Yes

iio-K&4 Basin No

116-KE11 Basin (Outside) No
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Table 45. Environmental Hazard Quotient Summary for Non-Radiological
Contaminants which Exceed Hanford Background

by Waste Site.

Conr^n+n^^ts Dose Rate Exceeds EHQ of 1'

116-K-1 Crib
toluene No

116-K-2 Effluent Trench
methylenechloride No

116-KW-3 Retention Basin (Inside)
tetrachlnrnethanr-. ;.jo

116-KW-3 Retention Basin (Outside)°
cobalt, Yes
toluene, pyrene, fluoranthene No

116-ICE4 Retention Basin (Inside) NA`

116-KE4 Retention Basin (Outside)°
chromium Yes
acenapththene No

a EHQ based on no observable effect level.
b Data from test pits 116-KW-3B or 116-KW-3C.
c All contaminants below Hanford Background values (DOE-RL 1993C)
d Data from test pits 116-KE-4B or 115-KE-4C.
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5.0 RECOMMENDATIONS

iie prirr,ary purpose of the LFI report is to recommend those high-priority sites that
shouktremaitr-candidates for the IRIoi-patli and-those hi-gfi=priority sites that can be eliminated
from IRM consideration. Sites that are eliminated from the IRM path are addressed in the final
remedy selection process.

5.1 HIGH-PRIORITY SITE IRM EVALUATION CRITERIA

The 100-KR-1 high-priority sites were evaluated using the following criteria to identify
those sites where continued ucivi candidacy is recommended:

• the 100-KR-1 QRA (WHC 1993e)

• the assessment of the waste site conceptual model

• an evaluation of site-specific contaminant impact on groundwater

• identification of sites wherenaturalattenuation by the year 2018 may
reduce risks and mitigate contamination

- - • -- identificatiQn of ARAR exceedance for vadose zone contaminants.

5.1.1 Qualitative Risk Assessment

The QRA provides risk estimates for human health and for adverse ecological effects.
Human health risks for high-priority sites were developed in the QRA using two scenarios: high-
frequency use and low-frequency use. The low-frequency use risk values were used to evaluate
the continued candidacy of high-priority sites for IRMs. Based on the ICR, the qualitative risk
estimates presented in Table 5-1 are grouped into high (ICR > IE-02), medium (1E-04 <ICR <
1E-02),14w(1E-06 <ICRs LE-44),andvery-1ow11CR<1F,06)-ris_k categories. sitP• that pose
a medium or high risk to human health under the low-frequency use scenario are recommended to
continue as IRM candidates.

Environmental hazard quotients are from the qualitative ecological risk assessment that
was performed in the QRA. Sites that have an EHQ rating greater than I for potentially adverse
ecological impacts are recommended to continue as IRM candidates.

5.1.2 Conceptual Model

^ .-.^
_- ,--=cotaceprtal model for the wa+ e e t5 u ciudes sources or contamination, types of-

contaminants, nature and extent of contamination in each affected media, known and potential
routes of migration, known or potential human and environmental receptors, and the general
understanding of the site structure/process. This information was included in the 100-KR-1 work
plan (DOE-RL 1992a) and has been revised using data obtained during the LFT. Information on
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contaminant sources, types of contaminants, nature and extent of contamination in affected media,
and general understanding of site/structure was discussed for each waste site in Chapter 3. Figure
5-1 presents the known and potential routes of migration and known or potential human and
environmental receptors for the operable unit. The conceptual model is judged adequate for all
sites addressed in this report.

5.1.3 Current Impact on Groundwater

The probability of current impact on groundwater is evaluated for each site by comparing
groundwater contaminant concentrations from monitoring wells located upgradient and down

--_gradienr of each spec;fic site, where wells are available. Groundwater concentrations of carbon-
I4,-tritium,and-chrum.ium in upgradie.n.t-and-down gradient-wells are compared. Gr undwater
contaminant concentrations in down gradient wells that are higher than in upgradient wells
inditate-cureent impact-to groundwater.- Sitesthatare impacting groundwater are recommended

"- ° to continue as IRM candidates.,- 7

5.1.4 Potential for Natural Attenuation

The potential for radioactive contaminants at a site to be reduced by natural attenuation,
i.e., radioactive decay by the year 2018, may be a consideration at sites where radionuclides with
half-lives of 30 years or less are the primary contaminant and external exposure is the only
pathway. Sites with excess risk, i.e., greater than IE-06, attributed to radionuclides with half-
lives of 30 years or less (e.g., cobalt-60, cesium-137, europium-152, and europium-154) have
potential for natural reduction of risk through radioactive decay. Naturalattenuation isnot a
consideration for sites contaminated by metals, by radionuclides with a half-life greater than 30
years, or when there are multiple radionuclide exposure pathways.

5.1.5 Applicable or Relevant and Appropriate Requirements

--- The MTCA Method B concentrations are potential ARARs for soil contamination as
identified in Section 2.7. The MTCA Method B limits are used because they represent a
conservative, standardized approach for source units. _Table2-4-lists-the MTCA Methcxi R limits
for organic compounds or those metals that exceeded the Hanford Site UTL. Sites that have soil
concentrations that exceed this potential chemical-specific ARAR are recommended to continue as
IRM candidates.

5.2 HIGH-PRIORTTY SITE IRM RECOMMENDATIONS

The final selection of IRM sites and priority of action are decisions left to the Tri-Party
Agreement signatories. Factors that may be considered in the selection and prioritization of IRM
sites include:

--- • impact of IRM actions in relation to the 100 Area Environmental Impact
Statement, e.g., disposition of the reactors
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access control

rr,lationto thciR1Y1Programpl.an recamr.tendatio.n,s

• land use

• point of compliance

• time of compliance

• feasibility

• bias-for-action

• threat to human health and the environment.

The high-priority sites recommended to continue as IRM candidates are identified in Table 5-1.
For_t-hosesites_thatare recommendedforan IRM, the next .step is to evaluate remedial
alternatives in a focused feasibility study. Sites deferred to final remedy selection will be
evaluated in the final feasibility study. The recommendations for the sites are discussed below.

5.2.1 116-K-1 Crib

The 116-K-1 crib is recommended as a candidate for an IRM because there is surficial
contamination that poses a medium risk for a low-frequency use exposure scenario to human
health. The EHQ is less than 1. The historical and LFI data show that the contamination is
largely confined to the surface [<12 ft], which correlates with limited usage of the site for reactor
efflae.^.t disposal. ^IOne of the detected organic constituents or the inorganic constituents above
background exceeded MTCA level B criteria (see Table 2-4). The conceptual model of the site is
adequate to conduct an IRM.

5.2.2 116-K-2 Trench

The 116-K-2 trench is recommended as a candidate for an IRM because the human health
risks are high for a low-frequency use exposure scenario, the EHQ is greater than 1, and there is
groutxlwater-monitqrin datato5^ow the site is apparently impacting groundwater. Groundwater-----1^
monitoring wells down gradient of the site show chromium is emanating from the site. None of

-the detected-organic constit;tents- or the inorganic constituents above background exceeded MTCA
level B criteria (see Table 2-4). The source for organic contaminants detected in the LFI samples
was not expected given the historical use of the site for reactor effluent disposal. It is possible
they are a result of laboratory contamination. The conceptual model of the site is adequate to
conduct an IRM.

5-3



DOE/RL-93-78
Draft A

5.2.3 116-KW-3 Retention Basin

The I I€-K.V-3 retention basin is recoiruiierided as a candidate for an IRM because the
human health risk is medium for a low-frequency use exposure scenario, the EHQ is greater than
1, and there are constituents that exceed MTCA level B criteria. Benzo(a)anthracene,
benzo(b)fluoranthene, and chrysene exceed MTCA level B criteria (see Table 2-4). The origin of
these organic chemicals is unknown. Radiological contamination was found to extend from the
retention basin along the floodplain toward the river. This contamination was due to the leakage
that occurred during basin operation. The horizontal extent of this contamination was not defined
during the LFI. The conceptual model for the site is generally complete, except for the origin of
the organic chemicals and the horizontal extent of contamination. Further review of historical
records is recommended to identify the possible use of organic chemicals at the site or in the
operable unit. The horizontal extent of contamination does not need to be defined during the
i.F'i. The I"'ivi process can use the observationai approach to identify contamination during
remedial measures implementation.

5.2.4 116-K-KE-4 Retention Basin

The 116-KE-4 retention basin is recommended as a candidate for an IRM because the
human health risk is high for a low-frequency use exposure scenario and the EHQ is greater than
L There is no evidence of impact to groundwater from this facility. None of the detected
organic constituents or the inorganic constituents above background exceeded MTCA level B
criteria (see Table 2-4). Radiological contamination was found to extend from the retention basin
along the floodplain toward the river. This contamination was due to the leakage that occurred
during basin operation. The horizontai extent of this contamination was not defined during the
LFI. The conceptual model for the site, except the horizontal extent of contamination, is
generally complete. The horizontal extent of contamination does not need to be defined during
the LFI. The IRM process can use the observational approach to identify contamination during
remedial measures implementation.

5.2.5 116-K-3 Outfall Structure

The 116-K-3 outfall structure is recommended as a candidate for an IRM because the
human health risk is medium for a low-frequency use exposure scenario (environmental health
was not evaluated). There is no evidence of impact to groundwater. Based on LFI data from
analogous facilities (116-D-5 and 116-DR-5 outfall structures), there is a possibility that the
116-K-3 outfall structure is contaminated with radionuclides. Although there is no data for the
116-K-3 outfall structure, the IRM can use the observational approach during remedial measure
implementation to identify the horizontal and vertical extent of contamination.

5.2.6 Process Effluent Pipelines

The process effluent pipelines are not recommended for continued IRM candidacy.
Although there is contamination within the pipes that could pose a risk to human health, the
contamination exists as scale that has minimal opportunity for migration into the environment. In
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addition, the radionuclides detected in the scale have half-lives of 30 year or less. Therefore,

there_ is_the potential for natural attenuation of radionuclide contamination. Because there is little
opportunity for contaminant migration. an IRM is not justified. Instead, the process effluent
pipelines should be deferred to the final remedy selection process for the operable unit.
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Table 5-1. Summary and IRM Recomnnendation.4 for 100-KR-1 High-Priority Sites;

- --

Qualitatiwe Risk Assessment

-

-•

Probable

•-

Natursd IRM

Waste Site -

Low -

frequency
scenario HQ > I

Conceptual
Model

Exceeds
ARARs

Groundwatcar
Impact

Attenuation
by 201.8

Candidate

116-K- 1 Crib Mediumi No Adequate No No No Yes

116-K-2 Trench High Yes Adequate No Yes No Yes

I 16-KW-3 Retention Bas in Medium Yes AdequatE: Yes No No Yes

116-KE-4 Retention Basin High Yes Adequate No No No Yes

116-K- 3 Outfall Structure Medium Not evaluated Adequate: Unknown No Unknown Yes

Process Effluent Pipelines Medium Not evaluated Adequate Unknown Unknown Yes No

0
0
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Dr,:ift A

Westinghouse
Hanford Company

From: Geoscieni
Phone: 6-0940
Date: __March 4,
$ubject: SPECTRAL

ACQUIRED

Internal
Memo

:es Function 81230-93-009
H6-06
1993
GAMMA-RAY LOG REPORT OF RADIONUCLIDE SURVEYS
FOR 100-KR-1 OPERABLE UNIT

To: N. M. Naiknimbalkar H6-02

--- -- cc: A. D. Krug H6-02
J. R. Brodeur H6-06
J. W. Fassett H6-06
C.,1. Koizumi H6-Oo
J. E. Meisner H6-06
R. K. Price H6-06
R. R. Thompson L4-96

; KRF:RKP File/LB

Attached is a report for three boreholes surveyed with the
spectral gamma-ray logging truck in the 100-KR-1 Operable
Unit. The spectral gamma-ray logs were collected with the--- ..Ra ionuclideLogging Syst2m-(Rf^S) hich o0r :fr.<; ;ermanium

° passive-gamma=ray logging probe and showed the presence of
gamma emitting man-made radionuclides in two of the three
boreholes. A fourth borehole was logged with the gross-
gamma equipment operated by PNL. This borehole had elevated
gamma activity which indicated the presence of man-made
contamination even though the radionuclide could not be
identified or the activity level determined.

Questions about the technical material in the report should
be directed to R. K. Price on 376-9148 or C. J. Koizumi on
376-9534 of the Geosciences staff.

K. R. Fecht
,.- .

--- rtdnager`

dyl

Attachment
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RLS Passive Spectral Gamma-Ray Borehole Survey Report
i C

Report Date:
Project:
Boreholes:

March 3, 1993
100-KR-1 Operable Unit
116-K-1 10/15/92 ( logged
116-K-2 11/13/92
116-KE-4A 10/02/92
116-KW-3A 10/22/92
November 1991

by PNL Gross-Gamma system)

Calibration Date:
Logging Engineers:
Analyst:

R. V. Cram, S. E. Kos, J. P. Kiesler
R. K. Price, J. P. Kiesler, W. F. Nicaise

lntroduction

Logging with the high resolution, high purity germanium (HPGe) passive
y^$ spectral gamma-ray system has been completed for three of the four requested

boreholes. The fourth borehole was logged with the Gross-Gamma system
^. operatedby PNL when the RLS ancountered a scheduling conflict which required

it to investigate a tank leak. A summary of the boreholes included in this
report are presented in Table 1 and Table 2 below. Table 1 contains the
survey-date; maxfmum survey depth and maximum depth at which each man-made
radionuclide was identified. Table 2 contains the maximum decay activity and
corresponding depth for each man-made radionuclide.

The objective of the borehole surveys was to identify the presence and species
of man-made gamma-ray emitting radionuclides and the relative activity levels.
The graphs of the decay activities ( concentrations) versus depth for both man-
made radionuclides and the natural radionuclides are presented for each
survey. Decay activities are reported in_pico-curiespergram (pr_i/g) of
sem--p,ie.

The contents of the report are limited to the description of the survey
results for each borehole logged. Details of the following: equipment
configuration, calibration, logging procedures, casing and water correction
factors, spectra analysis.softwarp; and--data-maflagement have been excluded.

---- ------- The ^tails of the excluded to-pics_are_described in the papers cited at the
e-nd- or this report.

100-KR-1 Operable Unit Borehole Geophysics Proiect Review

Observation_s_of the RLc-hcrehcl^ ;ar;^iFiciuded in this report are
summarized below. This review does not necessarily include all the
information that can be gleaned from the spectral gamma-ray survey data.
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Table 1: Summary,qf Maximum Radionuclide Depths from RL.S Log Surveys of 100-KR-1 Operable Unit

Borehole
ID ^

Survey
Date

Surve^
De th

Cesium-137
Depth2

Cobalt-60
De pth 2

Europium-152
Depth2

Europium-154
Depth2

11 6•-K-1 1011 '.i/92 23 PNL Survey3 Maximum4600 counts persecond at 4 fe et
11 6--K2 113^ 27' 21' 26' 2 6' 24'
116-•KE-4A IO/C12/92 20' 14' - -
116-•KW-3A 10/2'2'/92 20' - -

'Maximum survey depth
zMaximum depth were radionuclide was identified '
3Scheduling conflict prevented RLS from surveying the borehole
4Maximum depth of borehole survey

PNL acquired a Gross-Gamma survey

Table 2: Summariy of Maximum Radioactivity from RLS Log Surveys of 100-KR-1 Operable Unit

Borehole
ID

Cesium-]31
pci/g^ Ft

Cobalt-60
pCi/g, Ft

E,uropium-152
pCi/g' Ft

Europium-154
pCi/g^ Ft

116-K-1 PNL Survey
116-K-2 > 200 20 > 200 19 > 5000 19 > 200 20

116-KE-4A < 1 14 - - -

116-KW-3 A - - - -

0
0

C7^

^r
>

00

'Maximum d!ecay activity observed for radionuclide. Maximum depth of
reported activity.
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COBALT: The highest concentration of cobalt-60 for any borehole surveyed by
the RLS at Hanford was recorded in 116-K-2. The activity appeared to exceed
1000 pCi/g.

RADIONUCLIDE MIGRATION: Discharge fluids with low salt content generally
permit cesium-137 to be absorbed by the soils very quickly after being
dischar-ged- Cobalt-60 generally is much more mobile than cesium and migrates
to the ground-water relatively quickly. The migration rate of europium (Eu-
152 and Eu-154) is generally intermediate to that of cesium and cobalt. The
distribution profile for cesium, cobalt and europium in borehole 116-K-2
indicate that very little migration has occured since the contaminants were
introrluced t(`. the 5"u i 15. --- -

EDJlprErn- C_ALIBRAT:tiN: The borehole surveys presented in this report have all
been analysed using the calibration data acquired in November 1991.
Calculation of the calibration factors used in data reduction depended on the
calibration data and on nuclear data (half lives, branching ratios, number of
gammas per decay) for theparticylar nuclide. All of the nuclear data were
taken from Erdtmann and Soyka, Die Gamma-Linien der Radionuklide (The Gamma
Rays of the Radionuclides ), Verlag Chemie GMBh Weinheim, Deutchland, 1979..._^

Borehole Survey Report

The report for each borehole survey by the RLS contains three types of
information. The contents of each information type are described below. The
borehole survey reports are presented in the same order as they are listed in
Table I.

1. A single page log header form is first. The form is titled "RLS
Spectral Gamma-Ray Borehole Survey Log Header" and summarizes the
borehole and survey information.

The form contains the borehole name, coordinates, and elevation.

Borehole environment information is next and includes casing parameters
and water depth (if present). These are the parameters used for data
reduction.

RLS survey information is presented third and includes the logging
....^. .,e; data _eng i neer s na , - fiie names, logging mode, and survey depths.

The survey data reduction information follows and includes calibration
date and calibrat -ait-report number, analyst names and analysis date. A
single line is present for analysis notes and man-made radionuclides
encountered.

2. Radionuclide activity responses versus depth, i.e., data plots, are
plotted on one or more pages. A uniform depth scale of 20 feet/inch is
used for all plots. Four plot track-sare presented foru.n.iformity. The
-experimental-uncertainties in the computed radionuclide activities are

3
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not presented on the data plots at this time.

The "Total Gamma" is the count rate for-all gamma-rays detected by the
RLS-detector with no discrimination of gamma-ray energy. The "Total
Gamma" is equivalent to the gross gamma log commonly. used by some
organizations at Hanford. The count rate data values are plotted on two
linear scales. The scale of the narrow line is 0 to 1000 c/s. The
scale of the wide line is 0 to 100,000 c/s.

The remaining plot tracks contain the results of the spectra gamma-ray
analysis. The computed data values are generally plotted on two linear
scales. The.scale pfthe narrow line is given at the top of the plot
and is 0 to 50 pCi/g. The scale of the wide line is given at the bottom
of the plot and is 0 to 5000 pCi/g.

,^- The natural radionuclide activities if presented will be plotted on a
-= separate graph. The Gross Gamma is plotted with a maximum linear scale

of 500 cps. The natural radionuclides (potassium, uranium and thorium)
are olottEd--in-}he threE remaining tracks. -

p'e

_€_ - --- ---- - -- -^-.
^_- 3. The analysis notes follow as the third type of information reported for

each spectral gamma-ray survey. The notes contain descriptions of the
borehole conditions-and possible limitations of the plotted results.Y-i -

The depth ranges where each radionuclide was encountered and the maximum
activities are reported.

Limitations to the Rad ivGletilent Analyses

Several limitations of the borehole survey equipment, calibration, and data
acquisition objectives follow.

-The logging cable supporting the borehole detector,supplying electrical
-p-ower,- recieving voitage signals for each detected gamma-ray, and permitting
the liquid-nitrogen cooled detector to be submerged in water was specially
fabricated for the RL5 system. The recorded depth of the detector is
estimated to be accurate to 98.5 percent, with a precision (repeatability) of
99 percent. Comparisons with drilling measurements, other logging equipment,
and secondary measuring systems have verified the accuracy. An upgrade in the
logging cable and measuring_systemis_being-investi^yated.

The standard logging configuration optimizes the counting system for detecting
low decay activities of radioelements. The RLS has frequently detected man-
made radiQelement-activities of 0.3 pCi/g for nuclides with gamma-rays having
energies greater than 500 keV and number of gammas per decay at greater than
50 percent. The maximum decay activity the RLS has detected is about 10,000
pCi/g in this standard configuration.

The alternate logging configuration employs a lead shield and changes the
counting system to maximize the count rate. Configuring the counting system
to maximize the count rate compromises its ability to detect radioelements at
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low decay activities (concentrations). The RLS has frequently detected man-
made radioelement activities exceeding 33,000 pCi/g in this shielded
configuration. The alternate-logging-configurat-io^ was not empioyed for the
surveys included in this report due to hole size restrictions.

Borehole environment correction factors have been determined for steel casing
and water-jnthe borehole. Correction factors for other borehole
configuratiorfs have not been investigated. Borehole configurations for which
no correction is available include: (1) grout between multiple casing strings,
(2) formation seals containing bentonite, sand, or grout behind the casing,
and %13) drilling-mud remaining-inside the borehole during logging. The
calculated decay activity for manmade radionuclides will be underestimated for
boreholes with these--c-0nfigurations.

Energy dependent casing corrections have been established for steel casing
thicknesses up to 0.40 inches. Corrections for casings of different materials

=: and/or cumulai:ive thicknesses greater than 0.40 inches have not been
calculated and therefore cannot be used in-t.he data reduction.

;-:= The calibration data were recorded with the detector centered in calibration
zones that are uniform in density, water content, and gamma-ray source

----matfrial. - The dimensinns-of each zone are large enough t hat the detector
always responded as though surrounded by a medium of infinite extent.
Therefore,- the use of-the calibration results to calculate nuclide activity
carries the assumption that the nuclides in the logged formation are also
distributed in-thick Itnif,n,rm layers.

Gamma-ray sources are not normally distributed in the earth in thick uniform
layers. Sourceinhomogeneities are reflected to some degree by the
fluctuations in the amplitudes of the log traces. A factor called the
vertical spacial resolution quantifies the correlation between (1) the
intensity of the log fluctuation and the depth interval over which it extends,
anC-(2) the intensity of the corresponding gamma-ray source and the thickness
of the zone in which the source is embedded. The vertical spatial resolution
of the RLS HPGe logging system is scheduled for investigation.

Radionuclide decay activities are determined from the net area of the gamma-
rar ^n,uaks---^^,eiements such as strontium-90 which do not emit a gamma-ray
when they-decay will not be identified or quantified by the spectra analysis
performed for this report. The decay of strontium-90 results in a high energy
beta particle that can exci-te surrounding -elemeiits to emit photon radiation
that can be identified by the HPGe_detector<---This-t .r' R e of radiation is called
bremsstrahiung radiation. A method to obtain estimates of the concentrations
of strontium-9o isunder consideration.

Conclusion

The RLS has completed surveys for three boreholes associated with 100-KR-1
Operable Unit. Significant quantities of man-made radionuclides were

,,,,s
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identified in 116-K-2. Trace amounts of cesium-137, less than 0.2 pCi/g, were
recorded in borehole 116-KE-4A. No man-made radionuclides were detected in
borehole 116-KW-3A. The PNL gross-gamma logging system acquired a survey of
borehole 116-K-1 due to scheduling conflicts_withthe-RLS spectral-gamma
system. The maximum count rate activity recorded in 116-K-1 was 4600 cps.

The decay activity for the natural radionuclides, KUT, have been computed by
the data reduction program and were presented in this report.
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Westinghouse Hanford Company
RLS Spectral Gamma-Ray Borehole Survey Log Header

- Project: - 100-KR-i -

....^

$

Borehole 116-KW-3A
Coordinates N W Feet (Plant 100 Area)
El evat i on ft Top of casing (Plant 100 Area)

Borehole Environment Information

Borehole fluid depth None (ft) from zero (0.0) depth reference of log

Casing size -__-
- in:

Casing thickness-
in.

Top depth

( ft )
Base depth

ft

8 0.33 0 24

RLS Passive Spectr^^ ^amma Survey Information

^

Logging Engineers R. V. Cram J. P. Kiesler
Log de pth reference at zero ( 0.0 ) de p th is round level

Log Date Archive
-file names

Log mode speed Depth interval (ft)
To Base Incr

Oct. 22, 92 H116KW3A A268 MSA 80sec RT 0 20 0.5
^ _ _ •

..r........
ATMdWn

Calibration and Analysis Information

RLS Calibration Date: Nov. 21, 1991
Calibration Report: WHC-SD-EN-TRP-001

Analyst Names: J. P. Kiesler
Analysis Date: Nov. 24. 1992

Analysis Notes: -
Radionu cl i des Identified: Noman made nuclides detected

7
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RLS Borehole curvey Report

Borehole: 116-KW-3A Proiect: 100-KR-1

"casing Depth: 24' Size: 8"
Water Depth: none -
Survey Depth: 0 - 20' Date: 10/22/92

Thickness: 0.33"

General Hotes:
The Potassium, uranium and thorium activities are typical of naturally
occurring radioelements in the local sediments.

The calculated potassium activities vary between about 6 and 23 pCi/g for the
lpqgedint.e_rval. The uranium and ihQriLm activities are less than 2 pCi/g

- over t he-logged interval. The activity variations are within the statistical
't uncertainties of the measurements.

^-`_ti The total gamma activity did not exceed 140 cps in the borehole survey.
2.:.

Man-made Radionuclides:
No man-made Radionuclides were detected in the borehole survey.

.
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Westinghouse Hanford Company
RLS Spectral Gamma-Ray Borehole Survey Log Header

Pr"ujec:t: 100-KR-1

Borehole 116-KE-4A -
Coordinates N W Feet ( Plant 100 Area)
Elevation ft Top of casing (Plant 100 Area)

Borehole Environment Information

=^z

J

^

- ^---

- - -- - - -- - - - - -

Sorehoie fluid deoth N^n2 (ft) from zero (0.0) depth reference of log11 Casing size Casing thickness
(in.) (in.)

Top depth
(ft)

Base depth
(ft)

8 0.33 0 22

RLS Passive Soectral Gamma Survev Information

Logging Engineers R. V. Cram S. E. Kos {
La depth re nce at zero ( 0.0 ) de p th is around level

Log-Date- Archive
file names

Log mode speed Depth interval (ft)
To Base Incr

Oct. 02, 92 H116KE4A A273 MSA 80sec RT 0 20 0.5

ar. a.d um.

Calibr-atiotv and AnalYsis information

RLS Calibration Date: Nov. 21, 1991
Calibration Report: IiHC-SD-EN-TRP-001

Analyst Names: J. P. Kiesler
Analysis Date: Nov. 24. 1992

Analysis Notes:
Radionucli des Identified: Cs-137 discontinuous near detection level

10
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RLS Borehole Survey Report

Borehole: 116-Y,E-4A Pro.iect: 100-KR-1

Casing Depth: 22' Size: 8"
Water Depth: none -
Survey Depth: 0 - 20' Date: 11/02/92

Thickness: 0.33"

General Notes:
The ?o*.assiu,-H, uranium and thorium activities are typical of naturally
occurring radioelementsin the lccai sediments.

-..-E

The calculated aotassium activities vary between about 3 and 17 pCi/g for the
logged interval. The uranium and thorium activities are less than 2 pCi/g
over the logged interval. The activity variations are within the statistical
uncertai3ties of the measurements.

The total gamma activity did not exceed 90 cps in the borehole survey.

Nan-made Radionuclidess
Cesium (Cs-137j was indicated at several discontiuous depths in the survey.
The activity level was less than 0.2 pCi/g which is approaching the minimum
detection level for the 80 second survey time. The cesium activity was not
plotted. The depths where, sesium,was indicated are 2.5, ^ 5 9.0-9.5 12.5

- and,r '4".5° feet.
, ^

^

12
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Westinghouse Hanford Company
RLSSpectral_Garnma--P-,zy-5oreh oie Survey Log Header

Project: ]00 KR - 1

Borehole 116-K-2
Coordinates NA N NA W Feet ( Hanford 100 Area)
Elevation- NA ft - Top of casing ( Hanford 100 Area)

Borehole Environment Information

-v-;

.- .^
-... I

Borehole liquid depth none (ft) from zero (0.0) depth reference of log

Casing size
( in. )

Casing thickness
( in. )

Top depth
( ft )

Base depth
ft

- 8 0.322 0 26

RLS Passive Soectral Gamma Survey Information

.

.• ,eg-. ^^ :
-- --AT:Aaaitima

Calibration and Analysis Information

Logging Engineers R. V. Cram S. E. Kos
Log de p th reference at zero 0.0 de p th is around level

Log Date Archive
file names

Log mode -speed- Depth-interval (ft)
To p Base Incr

Nov 13, 1992 H116K02\A281 MSA ' 80sec R1' 0 26 0.5

Station 300sec 26.7 ft

RLS Calibration Date: Nov. 21, 1991
Calibration Report: WHC-SD-EN-TRP-001

Analyst Names: W. F. Nicaise
Analysis Date: Jan. 15. 1993

Analysis Notes:
Radionuclides Identified: Cs-137. Co-60. Eu-152. Eu-154

13
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RLS 8oreihole Survev Reoort

Borehole: 116-K-2

Casing Depth: 28' -,ize: 8" Thickness: 0.322"
!':ater nepti: ir'A
Survey Depth: 0 - 96' Date: 11/13/92

Stations: 26.7 ft

General Notes:
The well was monitored at fixed intervals from 0 to 26 feet in 0.5 foot
increments for real time counting intervals of 80 seconds. A spectrum was also
acquired for 300 seconds at 26.7 feet. The total gamma count rate has a
maximum of 7.4 E05 cps which occurs at a depth_of18 feetr The depth-at which
'this maximum occurs coincides-wi-th-the depth of activity-maxima for the man-
made radionuclides Cs-137, Co-60, Eu-152, and Eu-154. The activities of the
naturally occurring radionuclides potassium, uranium, and thorium are within
their normal ra,n,ges-€or Hanford soiis.i't should be noted that the calculated

v^ values for Cobalt-60 activity reaches unusually high values for Hanford soils.

=`` Nan-made Radionuciides:
Cesium ( Cs-137) was detected from 16 to26.7 feet. The activity exceeded 200^:..: pL-i/9 from 17.5 to 20 feet.

z' Cobalt ( Co-607) was detected from 15 to 25.5 feet. The activity exceeded 200
pCi/g from 17 to 19 feet.

Europium ( Eu-152) was detected from 15 to 25.5 feet. The activity exceeded
200 pCi/g from 17 to 20 feet.

Europium ( Eu-154) was detected from 15.5 to 24 feet. The activity exceeded
200 pCi/g at 18.5 feet.

A-17
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APPENDIX B
AVAILABLE HISTORICAL DATA FOR 100-KR-1

HIGH PRIORITY SITES

Uvi;air auu `r:R. icicnazas iy78; iadioiogicai ^naracterization of the Retired 100 Areas,
UNl-946, United Nuclear Industries, Richland, Washington
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Figure B-1. Location of Soil Samples from
the 116-K-1 Crib and 116-K-2 Trench.
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Table B-1. Radionudide Concentration (pCi/g) in Holes at 116-K-1 Crib.

ac
14

Sample Depth Pu-238 Pu-239/240 Sr-90 H-3 P-1l/Scaler Eu-152 Co-60 Eu-154 Cs-1134 Cs-137 Eu-155 ULocation (R) C/m
A 0 NR NR * NR <200/5 + + + + + + NR5 NR NR 9.1x10' NR <200/20 + 1.5:x10'' * * 1.7x10'' + 2x10'15 NR NR 5.6x10P' NR <200/Bkg 9.7x10-' 6.4:00-' 6.4x10'' 4.5x10I * *

.

NR
B 5 NR NR 3.7x1Q2 NR <200/30 + 5.8:x10'z * * 3.9x1W * NR15 NR NR 2.5x10-z NR <200/10 • + + + + +

20 * 3.2x10-' * NR <200/30 + 5.4^Q0-2 * * 4.5x10z + 1.4xR0'
C 0 + + 13x10'' NR <200/25 4.3x10-' 9.Ix10-' 2.4x10'' * 6.5x10'' 1 6x1o-' 1 1x1015 NR NR 2.9x102 NR <200/20 * + * + 4.6x1

.

1 7x10''
.

NR125 NR NR 2.6xaQ2 NR <200/5 + F + 3.3x10T 5.2x10'1
.

* NR
D ' 0 4.8x10'' 4.4x10° 1.Ox10' NR 2,500 4.2110' 3.1u102 1.7x102 6.4x10° 7.7x10' 1 4x10' NR5 NR NR 6.3x10° NR 1,000 1.3110' 1.5x102 5.2x10' 4.Ox10° 4.41102

.
4.4x10" NR10 NR NR 7.2x10° NR <200/90 3.0x10' 3.6x10-' + * 6.6x10'' 5x10-'1 NR16 NR NR 7.9x10° NR <200/30 + * + + +

.

1.8x10'' NR
E 0 * 2.5x1tr' 2.8x10° NR 300 3.7x10' 3.0x10' 13x10' 2.3x10' 3.4x10' R2-1/2 + 1.8x10' 5.9x10" NR <200/40 1.1x10" 9.7x10' 4.1x10' * 5.9x10''

7
R24 + * 1.0x10° NR <200/Bkg. + * * * 3.8x102 * RN

o[es: Ssmiple locations shown in Figure B-1.
= not nepocted

* = less than detection limit
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Table B-2. Radionuclide Concentration (pCi/g) in Sample oles DrilledAldng 116-K-2 Trench Concentration. (sheet 1 of 2)

^

Sample Depth Pu-238 Pu-239/240 Sr-190 H-3 P-11/Scaler Eu-152 Co-60 Eu-154 Cs-1^4 Cs-137 Nifi3 Eu-155 1J C-14
Location (ft) e/m

A 5 3.1x10-' 7.6x100 2.5x10' NR ].,500 * h * * i * NR NR NR NR
2A 5 * *' NIIt NR <'200/30 9.7x10'' 2.4x10'' 2.5x10' * 1.1x10' NR NR NR

15 2.4x10-' 2.1x110" 1.8x10' 1.5x16' 1,000 5.81102 1.8x102 1.7x10' 1.31100 1.1x102 NR 9.3xll0° 2.5z10' NR.
20 * 3.0x10'' 5.7x10° NR <200/100 8.6xt0'' 8.6r^10'' 9.3x10-' * 2.6x10' NR 5.2x10-' NR NR

B 0 1.9x10-' 2.5x10° 6.2x10° 2.71102 1,500 6.Oxt 2.7*t02 2.5x102 5.6x10° 1.21102 NR 6.5x10' 3.1x10-' NR
5 * * 1.6x10° NR <200/15 2.2x10r' 1.0x10-' * * * NR *I NR NR
10 * n 2.7x10-' NR <200/25 3.4x10° 1.5x10" ]LIxIOp + 5..9x10-' NR 1.4x10-' 2.4x1Q' NR

C 15 4.0x10° 1.31102 2.3110' 1..4x10' 12,000 4.4x10' 1.3x10' 1.7x10' 5.3x10z 4.81102 5.1110' 9.5x .0z 2. 1x.10° 3.2x10'
17-1/2 2.8x10-' 1.1x10' 4.4x10' NR 2,000 5.8xI0' 3.W0z 11.4x10' 2.8x10° 4.5xt0' NR 3.7x{0° NR NR
20 * 1.6x10° t.4x10' NR 400 1.6xt02 9.9x10' 6.lxl0' 9.7x10-' 5.7x10' NR 1.3x10' NR NR
25 3.0x10'' 4.9x10° 3.7x10' NR 2,500 1.2x10' 2.7r:102 4.5x102 2.3x10° 231102 NR 5.7xA0' NR NR
28 * 5.4x10-' 1.4x10' NR 600 1.4x102 S.Oit10' 4.7x10' 5.5xl0-' 6.5x10' NR 2.1x1,0' NR NR

D 5 1.4x10-2 1.2x10-' 6.8x10-' NR <200/10 6.6x1d' 4.6x1(]P 2.8x1(P 6.7x10- 2.8x10" NR 3.8x10-' NR NR
15 4.3xt0-' 1.3x10' 5.7x10' 2.7x10' 2,000 1.6xt03 7.3x.102 6.6x102 2.xx10' 3.9x102 NR 1.8x^02 4.1 x1ltr' NR
20 * 8.1x10° l.1x10' NR 300 1.Sx10' 4.Ix10" 7.7x10r' 8.6x10-z 7.2x10° NR 9.3x1p'' NR NR
28 * * 6.3x10° NR <200/10 9.0x10'' 3.3z10-' * * 2.5x10-' NR * NR NR

E 0 + * 4.8x10-' NR <7A0/40 2.9xtd' 2.W02 1.5x10° * 1.2x10° NR 2.8xt NR NR
12 1.2x10° 2.1x1p' 3.0x10' 8.1x10' 5„000 2.2110' 7.4r:101 7.41102 2.8x10' 9.2x102 NR 2.3x102 5.5x10-' NR
16 3.0x10-' 4.0xll0" 6.7x10° NR 900 3.5x10Z 1.1x:102 1.2x10z I.xxlO° 1.9x10z NR 4.0x10° NR NR
20 * 3.7xLD'' 4.4x109 NR 250 2.9x10' 3.8x10' 1.1x10' 6.5x10-' 6.9xt0' NR * NR NR
25 * 2.6x10-' 6.2x10° NR <;!00/50 6.9x10° 4.6x1OP 2.0x10' 1.3x10 1.3x10' NR 9.6xb0-' NR NR

F 0 * 2.Ox10'' 2.3x10-' NR <200/80 4.7x109 2.Sz10p * * 1.6x10° NR MR NR NR
12 * 2.0x10° 4.7x10° 2.2110° {i00 2.8x102 1.8x.102 8.2x10' 9.0x10-' 3.4x102 NR 5.6x10° 2.6x10' NR
20 * 6.1x1(1-' 7.4x10° NR <200/100 5.8x10' 4.Ix.10' 1.8xt0' 5.3x10-' 1.7x102 NR 8.2x10-' NR NR

G 0 1.6x10-2 * 7.6x10-1 NR <200/55 1.5x10-' * 6.2xt0 6.4x10-' NR 2.7x10'' NR NR
3G 19 3.7x10-' 7.1x10° 1.5x10' 5.5x10' 1;500 1.1x10' 5.0x101 3.4x10' 3.4x10° 7.1x101 NR 2.6x10' 5.8x10' NR

25 * 2.4xtql' 4.8xk0° NR 650 2.8x102 1.3 102 l.lxl0x 9.0x10° 6.2x102 NR 2.9x10' NR NR
29 * 7.8x10° 4.2x100 NR ?500 9.3x10' 7.2x10' 3.2x10' l.1x10° 1.9x102 NR 5.5x10° NR NR

H 0 * * 3.3x1-0-' NR <Z00/85 7.8x10° 5.1x10° 4.0x1OD 1.7xt0-' 3.Ix10° NR 1.0x10° NR NR
13 2.1x10° 2.8x10' 2.0x10' 2.5x1W 2b000 1.7x10' 5.4x10' 5.3x10' 1.7x10' 7.21102 NR 1.9x10^ 7.1x1O' NR
15 * 4.2x10° 7.6x10° IVR 500 B.7x10' 4.8x10' 2.9x10' 2.9x10'' 9.3x10' NR I.xx10° NR NR
18 * 9.4x1(Y' 1.6x10° rTR 400 1.2x10^ 1.2x10l 3.9x10' 1.6x10° t.2x10' NR 6.3x10° NR NR
21 * * 1.9x10° NR <200/15 'i.sxttr' 7.8x10' 4.4x1Q' * 8.2x10° NR 3.Ix10'' NR NR
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Table B-2. Radionuclide Concentration (pCi/g) in Sample Holes Drilled Along 116-K-2 Trench Concentratiion. (sheet 2 of 2)

Sample Depth Pu-238 Pu-239/240 Sr-90 H-3 P-11/Scaler Eu-152 Co-60 Eu-1154 Cs-134 Cs-137 Ni-63 U C-14
Loca.tiion (ft) ' c/m I

1 15 * * 3.5x10'2 NR <200/20 '.7x10'' 9.0x10'2 * * 1.5x10-' Na .8x1y72 NR NR
17 8.7110'' 2.Ox10' 3.3x110' 1.31102 3,000 3.0110' 8.4it102 9.91102 1.1110' 9.5110' NR $.8xl10' 1.2x10' NR
19 * * 3.0x110a NR 500 2.9x10' 2.Ix102 I.Ix10' * * NR J•.6x10'' NR NR
23 * * 3.4x110° NR <200/20 3.3x1O9 2.0x1(9 1.4x10P 4.2x10'2 1.7x10a NR 3.1x10-' NR NR

K. 0 3.5x10'2 NR <200/40 * * * * 7.1x10 NR 1.05:1(1'' NR NR
22 6.41x10-' 1.3x10' 1.9x10' 9.1x10' 3,000 3.8x10° 2.2x10' 1.4x10' 1.5x10' 3.0x10' Na 1.4x11}z 4.5x10' NR
27 9.dlx10' 1.4x10" 2.6x10° NR 1,000 2.2x10z 1.7x.10z 8.3x10' I.Oz10" 1.0x102 NR I.lxlO' NR NR
30 * 1.9x10' 2.Ox10° NR <200 6.Ix10p 4.4x:10 * * 2.6x10° Na * NR NR

L 0 * * 2.Ix10-' NR <200/30 * * 3.1x10' 4.9x102 * Na 1.2x110' NR NR
17 * 1.ix10" 3.5x10° 2.2x10' <200/130 2.3x10' 1.1x102 1.2x10' 1.7x10-' 2.4x10' NR 3.7x10° 4.2x10' NR

M 0 * 3.6x10' 5.5x10-2 MR <200/40 * 1.4x10' S.6;00' * 1.3x10'' NR * NR NR
17 * * l.3x10° 2.8xlOP <200/150 4•.OxIQ' l.lx101' * 4.7x10 5.7x10- NR 1,8xl.Or' 1.9x10' NR
20 * 6.3x10' 9.3x10' NR <200/25 3•.7x1Q' 9.3x1t1z 4.4:c10r' * 2.9x102 NR * NR NR

Sample locations shown in Figure B-1.
* less than detection limit
NR = no t reported 0

0
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Sample No. Pu-238 Pu.l-230/240 Sr-90 H-3 P-11/Scaler Eu-152 Co-60 Ea-154 Cs-134 Cs-.137 Eu-155 U
c/m

N 10 * * * 5.7x10' <200/10 4.0x10-' 8.2x10"z * * 7.3z:10'' * 1.9xICN

P 5 * * 5.5x10-2 2.9x10° <200/20 7.9x10-' 2.9x10-1 * 7.5x10"' 1.8x10'' 3.6x10"' 2.6x10'
15 * * 2.2x10"' NR ' <200/10 * * * * 4.0x.10"' 2.5x10"' NR
30 * * 5.8x10"' NR <200/10 * * 1.9x10"' 5..8x10"' NR

Q 0 * * 3.1x10' NR <200/25 5.Ix10° 1.9xI0° 1.9'x100 * 8.8x10"' 3.5x10' NR
20 * * * l.0x 10° <200/10 l.7x 10"' 7.8x 10"Z * 7.0x 1O 5.6z l0"^ * 3.Ox 10'

R 5 * *, 2.5x10 9.1x10' <200/25 5.6x10"' 1.0x10' * 4.9x10' 7.8x10'' * 6z10t'3
15 * * * NR <200/10 2.3x10' 7.2x10"2 * * 3.9x19Z *

.
NR

S 0 * * 4.6x10 l.Ox10° <200/25 2.ix10-1 5.1 x10"2 1° 2 0x10"' 2 2x10,
18 * * 1.6x10"' NR <200/10 * * * 4.0x10"= 3.6x10'z

.

1.8x10'

.

NR

T 15 * 19x10"' 1.6x10' 1.7x10° <200/10 5.7x10' * * 5.3x10"2 * * 1.6x10

U 0 * * 9.7x10"2 5.5x10' <200/20 * 5.1x10"' * * 6.9x10"2 * 2.7x10'

V 0-1 * * 2.Ox10° 2.7xl0"' 250 1.6x10' 3.5x10° 5.9x10° 5.1x10' 2.8x10° 4.9x101 1.7xI0'
0-2 * *, 2.2x10° 2.3x10° 600 1.3x102 6.lx10' 5.3x10' 2.Ix10" 9.7x.10' 1.5x10' 2.8x10
5 * * 1.9x10° NR <200/15 4.7x10"' 1.4x10"' * * 3.5x10"2 1.5x10' NR
15 * * 6.7x10"' NR <200/20 3.7x10' 4.8x10"2 * * *' * NR

y - * *, 2.Ix10' 1.9x10° <200/25 * 1.2x10"' * 3.3x10' 5.4x10"' * 2.IxIl'
15 * * 1.9x10° NR <200/20 * * * * * * NR
25 * * 2.8x10° NR <200/10 3.1x10'. 1_1x10' * * 1.Iz10° 2:2x10' NR

Z 0 * * 7.Ox10' NR <200/20 1.3x10° 1.3x10° 3.2x10° 5.0x10"2 6.5x10"' * NR
20 * * 4.5x10° NR <200/30 * 4.3x10"' * * * 3:4x10"' 3x10'1
25 * * 4.2x10° NR <200/15 * * * * *' 2.8x10

.
NR

AA 18 * * 5.Ix10'1 NR <200/20 * * * * *' * 1.2x10'
BB 20 * * 2.2x10' 2.4x10° <200/10 * * * * *' * 1.5x10-1
CC 15 * * 3.1x10` 3.9x10" <200/10 * * * * * * I,8x10'

20 * * 2.6x10"' 1.4x10' <200/15 7.2x10"' * 7 .2x10 "' * *' * 1.2x10'
DD 0 * * 2.7x10' 8.5x10" <200/20 1.5x10° 1.6x10° 1.5x10° 1.6x10° 3.3x10"' * 3 1x10'

10 * * * NR <200/15 * * * * * 3.3x10"'

.

NR
20 * * 2.8x10"2 NR <200/5 * 3.5x10'2 * 3.5x10' *' * NR

Notes: V 61 sudace sample frn in cleamd area around sample hole
V 0-2 surfsce sumple fro in outside cleared area

Sample locations shown on Figure B-1

* = less than detection limit
NR = not teponed
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Table B-4. Radiorruclide Concentration (pC1/g) in Samples of 116-KE Retention Basin Fill.

od
^

tSaimple Depth Pu-238 Au-239/240 Sr-90 H-3 P-11/Scaler Eu-152 Co-60 ]Eu-154 Cs-134 Ca-137 Eu-155 iIJ Ni-63
L.a,ation (ft) c/m

AA 0 fi.7x102 NR < 200/40 6.9x10-' I.lx1lP° 4.9x1tr' 9.7x1R2 1.6x10'' 1.6x10° Nlt NR
3 * 1.9x10'' 6.0x100 2.1x10" <200/160 6.6x10' 2.Ox161' 2.4x10' * 1.6x10° 5.3x10" NFt NR

AB 0 NR NR T.6x10rz NR <200/20 4.2x10° 1.8x10' 1.3x11P 3.Ix102 1.3x10-' 3.4x104 NR NR
2 * 1.8x10-' 6.9x1(r' 7.6x10-' <200/200 1.1bt10' 8.4x10P 3.7x10' * 1.9x10'' 4.4x11P Nlt NR

BIA 1 NR NR 1.6x117' NR <200/30 3.4x10' 1.2x10' * 8.8xtlYz 1.4x10'' 1.7xti0° NHt NR
1-1/2 6.2x10-' 4.6x10" 1.6x10r' * <200/150 6.5x10' 8.Ox10° 3.2x10' 7.3x1i0' 1.7x10s 1.5xF0' Ni NR

BB 1-1/2 * * 1.9x101 * < 200/150 6.4x10' 5.2x10° 2.5x10' * 3.3x10' 3.9x10° NR NR

CA 0 * * 3.7x1W NR <200/20 1.6x10° 1.4x10-' 8.5x10' * 1.4x10'' 1.6x10° NR
2 9.8x10-' 1.3x10' 6.Ox10" 800 1.81102 1.8x10z 7.7x10' * 6.2x10° 1.1x110' NR N1R

CB 0 NR NR 3.6x10•2 NR 400 1.2x10' 3.9x10-' 4.8x10" * 9.4x10-z 1.5x11P NR NR
1 * * 3-2x10' NR 400 3.Sx10° 2.6x10° 2-3x10" * 7.8x10-2 6.3x10-' NR N12
2 NR NR 9.2x1Q2 NR <:200/20 3.8x10" 3.8x10° 2.7xl0" * 1.5x10'' 2.7x10° NR NR

I.1x10° 7.9x10" 1.7x10' 5,000 6.4x102 1.2x10' 5.8x102 1.3x111' 2.7x10' 2.7x10' .2x]10 6.lx1(P

Scale from 9.4x1Q' 1.2x10' 4.8x11P 1.Ix102 5.0x104 7.7x10' 1.7xl0' 1.8x102 7.9x10' NR 1.6x10° NR
Itom of the

inlet chute

107-KE

Sample locations shown in Figure B-2.
*_= less than analytical detection limit
NR = not reported
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Table B-5. ' Radionuclide Concentrations (pCi/ig) Sample Holes Drilled Outside of 116-KE Retention Ba'sin.

Sc
vO

Sample

Location
I)epth

(ft)
Pu-238 Pu-239/240 kir-90 H-3 P-11/Scaler

chn

Eu-152 Co-60 Eu-154 Cs-134 Cs-137 Eu-155

C 0 * * 3.9x1tr' NR <200/70 1.2x10' Si.5x10° 5.2x10° * 5.2x10' 4.7x10-'
D 0 * * 1:2x10° NR <200/80 1.4x10' 8.8x10' 5.2x10P * 2.4x10' 1.3x10"
E 5 * * 3.0x10r' NR <200/50 2.3x10' 1.2x10' 7.8x10P 2.0x104 :1.3x10" 2.7x10°
F 0

5

*

*

*

*

8.8x1R'

4..5x104
NR

NR

<200/40

<200/30
9.4x10"

3.5x10°
7.9x10°

31.3x100
4.3x1d'

1.3x10°

*

*
3.9x10"

2.3x10°
6.0x10-'

1.4x101
G 15 NR NR 1.2x1R' NR <200/25 3.6x10-' 1.4x1R' * * 31.7x10-' 2.0x10-'
H 0

5

*

NR

*

NR
4.4x10'

4.3xlR'
*

NR

<200/50

<200/25

2.5x10'

1.9x10°

S.4x10°

8.6xitT'

8.3x10°

8.1x11T

*

*
]1.4x10°

4.1x10'

2.1x10"

2.7x10-'
1 0 * * 2.8x10r' 5.3x10-' <200/30 5.5x10° 6.5x10' 2.0x10° 8.2x10-' 1.9x10-' 4.6x10'
J 0

15

*

NR

*

NR
1.6x10"

1.8x1R'
1.3x10"

NR

<200/100

<200/15
2.9x10'

1.1x10''

1.7xl0'

1.0xIlY'

1.2xl0'

*
*

*
3.6x10°

3-.4x10-z

6.8x10-'

1.Ix10'
K 0 * * 7.4x10' NR <200/25 5.9x10" 2.7x10° 2.4x11P 6.9x102 7.4x10' 1.5x10"
L 0 * * 3.2xl17' * <?A0/30 2.2x10° 3.7x11N 9.6x10-' 6.8x10-2 3.4x10-' 2.8x10-'
M 10

10

20

*

*

*

2.Ixltr'

*

4.3x10'

2.3x10"

1.Ix10°

NR

*

NR

400

400

<200/50

2.8x10'

6.2x10'

1.3x10"

3.3110'

4.lx10'

6.6x10r'

1.1x10'

2.Sx10'

1.ix10p

*

5.2x10-2

1.Ox10-'

9.2x10°

4.oxlo'

2.3x10'

1.1x10'

1.3x10°

7.5x10-'
N 10

15

*

NR

1.2x10'2

NR

1.9x10°

1.8xilT

*

NR

<200/60

<200/30

3.8x10'

5.6x10-'

1.3x10'

2.3x117`

1.3x10'

2.0x10-'

*

*

1.2x10'

1.5x10'

2.2x10°

1.Ox10°
Notes: Sample locations shown in Figure B-1.

= not reported

* = less than detection limit
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Table E4. Radionuclide Concentration (pCi/g) in Samples of 116-KW Retention Basin Fill

tb

0

Sample Depth Pu-2316 Pu-239/240 Sc-90 H-3 P-11/Scalet Eu-152 Co-60 Eu-154 Cs-134 Cs-137 Eu-155 Ni-63
Location (ft) c/m

AA 1-1/2 * * 1.8x1tr2 5.7x10° 200 1.1x10' 2.3x10' 6.Ix10° 1.3xIQ' 3.Ox10' 2.1x10" NR.
2 * 2.lxlal' 2.9x1R' 5.5x10' 5,000 5.6110z 1.3x10' 3.4110z 8.2x10° 8.8x10° 5.0x10" 8.8x102

AB I NR NR * NR <200/40 2.7x10° 1.8x10° 1.4x10" 4.6x1Q2 7.Ox10'' 5.4x10-' NR
2 * 4.3x10r' 1.8:x10' 1.5x10" 1,000 2.11102 1.9110z 3.9x10' * 9.7x10-' 3.51101 NR

BA 1-1/2 * * 9.2:d0' NR <200/60 5.4x10" 1.4x10' 7.2x10-' * 1.9x10'' 4.0x10-' NR.
2 8.3x100 7.9x10' 1.7110°' 3,000 6.71102 5.3110z 2.01102 * 3.000' 1.6x10' NR

BB 1-1/2 NR NR NR NR <?A0/40 1.5x10° 1.1x10° 5.5x10-' * 1.5x10'' * NR
2 * 1.21100 3.3x10° 1.3x10° 3,000 5.3x102 9.0110z 3.11102 * 4.1x100 2.8x10' NR

CA 1-1/2 * 6.7x10-' 1.2x10° 6.0x10-' 600 1.3x101 9.9x10' 1.3x10z * 7.3x10-' * NR

CB 2 1.1x10P 1.2 c10' NR NR 1.1x103 1.0x10' 6.6x10' 5.3x10° 1.8x10' 3.6110' NR,

Totes: Sample locations shown in Figure B-]..

fR = not reported

L
= less than detection limit

0

t0='1C7^

aW
^



i

Table B-7. , Radionuclide Con'centraRions (pCi/g) Sample Holes Drilled outside of 116-KW Retenti;on Basin.

oc

^

Sample IDepth Pu-238 Pu-239/240 Sx-90 H-3 P-11/Soaler Eu-157 Co-60 Eu-154 Cs-134 Cs-137 Eu-155
Location (ft) chmi

B 0

'

* * 6.9x1Q' 4.9x10-' <200/50 2.Ox1O' lLIx10' 1.Ox16' S.IOx1O-' 2.Ox1O" 4.3x10°
25 * * 2.6x1Q' NR * * + * 4.3x102 +

C 0 * * 2.1x10-' * <200J50 1.5x10' 2.4x10° 4.3xtd' * 5.3x10'' 9.6x10-'
70 NfR NR + NR <200 * + * r + *

D 0 * * 6.9x10r' * <200/80 2.2x10' 1.2x10' 1.1ic10' 2.1x10-' 3.8x1O° 4.5x10"
10 NR NR 1.8x1Q' NR <200/25 2.2x1O" t.Ox10" 5.1:x10'' 4.1x1o-2 7.6x10' 2.8x10•'

E 0 * 3.5x10' 1.4x10' 4.3x101 <200/40 6.8x16)° 3.6x10" 3.2x1tl' 5.9x10-2 2.Ox1O" 1.3x10"
20 NR NR * NR <200/20 4.8xlcr' 4.1x10z * * + *

F 0 * * 3.Ox1Q' NR <200/40 3.5x10" 2.6x10° 4.3x10° 5.9x10-1' 3.7x10-' 1.5x101°
15 NR NR + NR <200/15 * 3.7x102 * + * 1.7xt0'

G 0 * * 4.Ox1Q' * <200/50 1.1x10' 6.Ox10° 4.9x1a' * l.1x10° 1.8x10'o
8 NR NR 5.4x102 NR <200/30 l.lxl(P 4.8x10' 7.Ox10' * 1.6x10' 2.9x10'

H 0 * * 9.8x10 ' * <200/50 6.31100 I.1x10' 1.3x10' 1.5x10-' 2.8x10" 6.9x10'
20 D'fR NR 3.9x102 NR <?A0/25 * 4.4x1tr2 * 4.3x10-2 * 1.Ox10'
0 * * 1.3x10' NR <200/25 3.4x10° 1.2x10" 1.3x1(P * 7.3x10 2.8x10'

J 0 * 1.4x10' 1.5x10" * <200/60 2.1x10' 8.9x1O° 6.4x10p + 3.1x10° 2.7110-'
K 0 * * 1.$x1O" NR 5,000 8.1x102 1.Ox10' 1.81102 1.9x10" 6.9x10° 5.7x10'

10 * l.Ox10' 1.9x10° * <200/50 1.6x10' 7.6x10" 7.1x10p 2.5x10-' 5.3x10" 2.3x10"
L 1 * 5.2x10' 7.Sxl0-' 4.3x10'' 600 1.3x102 5.Ox10' 3.3x10' * 2.8x10' 2.6110'

10 * 2.3x10' 2.7x1O" 1.1x10° <200/140 5.4x10' 2.2x10' 1.8x111' * 1.5x10' 1.2x10°
M 0 * 3.2x10" 3.8x10' 7.8x10" 800 5.61102 2.6x10z 2.4x102 3.9x10" 2.4x10z 2.4x10'
N 0 NR NR l.lx1O° NR <200/15 1.3x10° 3.6x1Q' 3.0x10' * 2.6x10° 1.2x10-'

15 * * 1.1x10° 3.2x10' <200/25 9.4x10-' 2.1x1Q' 2.1x10' * 4.3x10° 1.7x10-'
otes: Sample locations shown in Figure B-1.
= not reported

* = less than detection limit

0
d0

9^
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APPENDIX C

Results of Physical Properties
Samples from 116-KE-4 Borehole
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DOE/RL-93-78
Draft A

116-KE-4A Borehole
5.0 to 5.5 ft bgs
Sample BO7LK2

C-1



^-..
.anrvir^^ rv...

•1-I1FC7 ,^
.. ....... ,

Contact R.F. Raidl

IlVell No. 116-KE-4A

Operable Unit

L

100-KR-1

HEIS No. B07LK2

De th 5.0 - 5.5

TEMPE CELLS
tension in an

error in teinsion value +/-
container number
weight of cantainer/ring,+wet sample
weight of container/ring.+ dry sample
weight of moisture

weight of container and ring
weight of drr sample
moisture cohlent % by wt.

moisture content % by vol.

date measured
temperature• deg. C

volume of brass ring, cmA3

Sample # 3-0567 1 Bar Drying C',urve

N/A N/A 3.5 7.3
0.5 0.5

MC-1 TC-26 TC-26 TC-26

171.52 557.04 575.55 575.85

171.06 557.28 555.33 555.33

0.46 0.56 20.22 20.52

62.74 424.95 424.83 424.83

108.78 132.33 130.50 130.50

0.42% 15.49% 15.72%

12.46% 12.64%

2/26/93 3/1/93

24 23

11 21.5 35.5 49 74.5 99

1 2 5 2 5 2

TC-26 TC-26 TC-215 TC-26 TC-26 TC-26

575.70 575.35 575.15 574.49 572.78 571.78

555.33 555.33 655.33 555.33 555.33 555.33

20.37 20.02 19.82 19.16 17.45 16.45

424.83 424.83 424.83 424.83 424.83 424.83

130.50 130.50 130.510 130.50 130.50 130•.50

15.61% 15.34% 15.19% 14.68% 13.37% 12.60%

12.55% 12.33% 12.21% 11.80% 10.75% 10.13%

3/2/93 3/3/93 3/4/93 3/5/93 3/8/93 3/9/93

24 25 22 25 23 24

68.26

n TEMPE CELLS Sample # 3-0567 1 Bar Drying Curve

lensionin cin 200.3 300 500 700 850 1000 N/A N/A

error in tension value +/- 5 2 20 20 20 20 I

container number TC-26 TC-26 TC-26 TC-26 TC-26 TC-26 TC-26 MC-1

weight of comtainer/ring?wel sample 568.65 567.20 566.08 565.40 564.64 564.39 564.37 202.23

weight of ccmtainer/ring,+ dry sample 555.33 555.33 555.33 555.33 555.33 555.33 h55.33 193.23

weight of moisture 13.32 11.87 10.75 10.07 9.31 9.06 9.04 9.00

weight of conlainer and ring 424.83 424.83 424.83 424.83 424.83 424.83 424.83 62.74

weight of dry sample 130.50 130.50 130.50 130.50 130.50 130.50 130.50 130.49

moisture content % by wt. 10.20% 9.09% 8.23% 7.71% 7.13% 6.94% 6.92% 6.90%

moisture co'nlent % by vol. 8.20% 7.31 % 6.62% 6.20% 5.73% 5.58% 5.57%

date measured 3/10/93 3/111'93 3/12/93 3/15/93 3/16/93 3/17/93 3/18/93

temperature deg. C 25 23 23 24 25 23 26

volume of brass ring, cmA3 68.26 Cell wt. before cleanup = 424.71 grams

SAMPLE BULK DENSITY = 1.91 g/cm' Cell wt. after cleanup = 424.84 grams

FIELD BULK DENSITY = 2.01 g/cm' 424.83 Average of all 3

FRACTION LESS THAN 2 mm = 0.40

0
0

U^

..^i [
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00
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TEMPE ^CELLS Sample # 3-0567 1 Bar Welting Curve

lension i-1
P
cm N/A N/A 1000 1000 1000 1000 1000 1000 1000

eror Ifl tension value +/.. 20 20 20 20 20 20 20

container number MC-1 TC-'1 TC-1 TC-1 TC-1 TC-1 TC-1 TC-1 TC-1

weightio container/ring,+vvel sample 171.52 557.46 561.86 563.67 563.75 563.80 563.85 563.95 563.88

weight o^ container/ring,+ dry sample 171.06 556.91 557.50 557.50 557.50 557.50 557.50 557.50 557.50

weightrof moisture 0.46 '0.55 4.36 6.17 6.25 6.30 6.35 6.45 6.38

weigihUo1 container and ring 62.74 425.71 426.00 426.00 426.00 426.00 426.00 426.00 426.00

weight of dry sample 108.78 131.20 131.50 131.50 131.50 1;31.50 131.50 131.50 131.50

moidtune content % 0.42% ' 3.32% 4.69% 4.75% 4.79% 4.83% 4.90% 4.85%

moistwre content % by VOL 2.67% 3.77% 3.82% 3.85% 3.88% 3.94% 3.90%

datemiel3sured 2/25/93 2/26/93 3/1/93 3/2/93 313/93 3/4/93 3/5/93

tempena4ure deg. C i 22 23 22 24 25 22 22

volume of brass ring, cm^3 68.26

TEMPE CELLS Sample # 3-0567 1 Bar Wetting Curve

tens`ryonill i' cm 1000 700 500 300 202 104.5 69 54.5 31

error in'tension value +/.. 20 20 20 20 20 ' 20 1 5 2 2

containe number TC-1 TC-1 TC-1 TC-1 TC-1 TC-1 TC-1 TC-1 TC-1

weight o^container/ring ±vvet sample 563.84 564.09 564.64 565.68 566.94 569.74 571.71 572.77 574.34 ^

weight b conlainer/ring ± dry sample 557.50 557.50 557.50 557.50 557.50 557.50 557.50 557.50 557.50 ^

weighl b' moisture 6.34 6.59 7.14 8.18 9.44 112.24 14.21 15.27 16.84 d t'ft

weight 01' container and ring 426.00 426.00 426.00 426.00 426.00 426.00 426.00 426.00 426.00

weight of dry sample 131.50 131.50 131.50 131.50 131.50 131.50 131.50 131.50 131.50
9moistture,content% ' 4.82% 5.01% 5.43% 6.22% 7.18% 9.31% 10.81% 11.61% 12.81%

moisture; content % by vok 3.88% 4.03% 4.37% 5.00% 5.77% 7.48% 8.69% 9.34% 10.30%

date measured 1 3/8/93 319/93 3/10/93 3/11/93 3/12/93 3115/93 3/16/93 3/17/93 3/18/93

tempenature deg. C i 23 23 24 22 23 23 26 23 26

volume of brass ring, em63 68.26 Cellwt.beforecleanup= 426.06 grams

Cellvd.aftercleanup= 425.56 grams

TEMPE CELLS Sample # 3-0567 1 Bar Wetting Curve 425.78 Average of all 3

tenspon in cm 24.0 10.0 6.3 2.5 N/A t\VA

er(or in tension value +/- 3 2 2 1

container number TC-1 7C-1 TC-1 TC-1 TC-1 MC-9

weight of conlainer/ring ±wet sample 574.91 576.11 576.33 576.73 576.72 211.36

weight of container/ring,+ dry sample 557.50 557.50 557.50 557.50 557.50 '192.24

weight of moisture 17.41 18.61 18.83 19.23 19.22 19.12

weight of container and ring 426.00 426.00 426.00 426.00 426.00 '60.89

weight of dry sample 131.50 131.50 131.50 131.50 131.50 131.35

moisture content % 13.24% 14.15% 14.32% 14.62% 14.62% 14.56%

moisture content % by vol. 10.64% 11.38% 11.51% 11.76% 11.75%
date measured 3/19/93 3/22/93 3/23/93 3/24/93 3125/93

lemperalure deg. C 25 23 25 24 25

volume of brass ring, cm43 68.26 BULK DENSITY = 1 .93
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IQElTLES

tension in! Bars
error in tension value +/-

conllaine r . number
weiighl af'container/dng,+wet sannple
welqhl of container/ring,+ dry sample
weEg' ht of moisture
weicjht of container and ring
weighl of dry sample
rmoi$ture ponlent,%
date measured ,
ts!rnperature deg. C

KETTLES,
tenaioninBars

en:or in lension value +/-

condainer numbeir
weight of container/ring,+wet sample
weight of Container/ring ± dry sample
weight of moisture

weight of container and ring

weight of dry sample
moisture content %
dale measured
temperature deg. C

Water Potential Data for CX-2 Samples

Sample # 3-0567 15 Bar Cfrying Curve

0.5 0.5 0.7 0.7 1.0 1.0 2.0

20 20, 20 20 20 20 20

BA1 BA2 BA1 BA2 BAI BA2 B81
55.74 59.20 55.77 59.14 55.51 59.00 55.48
53.83 57.24 53.96 57,28 53.78 57.21 54.03

1.91 1.93 1.81 1.86 1.73 1.79 1:45

27.93 30.36 27.93 30.36 27.93 30.36 27.89

25.90 26.88 26.03 26.92 25.85 26.85 26.14

7.37% 7.29% 6.95% 6.91% 6.69% 6.67?/° 5.55%
3/18/93 3/18/93 3/12/93 3/12/93 3/23/93 3/23/93 3/12/93

27 27 24 24 25 2^ 24

5.0 5.0 7.0 7.0 10.0 10.0

20 20 100 100 100 100

B81 B82 BC1 BC2 BC1 8C2
55.17 57.57 60.29 59.39 60.08 59.22

53.91 56.20 59.06 58.18 58.99 58.13

1.26 1.37 1.23 1.21 1.09 1.09

27.89 27.57 30.30 29.12 30.30 29.12

26.02 28.63 28.76 29.06 28.69 29.01

4.84% 4.79% 4.28% 4.16% 3.80% 3.76%
3/23/93 3/23/93 3/12/93 3/12/93 3118/93 3/18/93

25 25 24 24 27 27

Sample No. 3-0567A 3-0567
Container Number BC1 BC1
Aw Reading _ 0.689 0.986
Termperature °C 23.8 24.7
Water Potenlial, Bars 509.9 19.4

Can ID No BA1 BA2
Can + Soil Wet wt., g 36.73 39.66
Can + Soil Dry wt., g 36.59 39.38
Can Tare wt., g 27.93 30.36
Weightof Water, g 0.14 0.28
Dry Weight of Sample, g 8.66 9.02
Moisture Contenl, wt. % 1.62% 3.10%

date measured 4/5/93 4/5/93

2.0 3.0 3.0

20 20 20

882 8B1 B82
57.90 55.33 57.78

56.32 53.95 516.30

1.58 1.38 1.48

27.57 27.89 27.57

28.75 26.06 28.73

5.50% 5.30% 5.15%

3/12/93 3118/93 3/18/93

24 27 27
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POINTS SELECTED FOR PLOTTING Sample # 3-0567

container number TC-26. TC-26 TC-20 ' TC-26 TC-26 TC-26 TC-26 TC-26 - I0-26 TC-26 TC-26

Tension in cm 3.50E+00 '7.30E+00 1.10E+01 2.15E+01 3.55E+01 4.90E+01 7.45E+01 9.90E+01 2.OOE+02 3.001E+02 5.00E+02

Tempe Crying Curve 112.46% 12.64% 12.55% 12.33% 12.21% 111.80% 10.75% 10.13% 8.20% Z 31% 6.62%
KelllelC){-2 Drying Curve
Tempe VYetling Curve
date measured 2U26/93 3/1/93 3/2/93 3/3/93 3/4/93 3/5/93 3/8/93 3/9/93 3/10/93 3/11/93 3/12/93

containernumben
tension in cm

I

Tempe Drying Curve
Kettle/CX-2 Drying Curve

Tempe Welling Curve
dale measured

container number
tension in cm

Tempe Drying Curve

Kettle/CX-2 Drying Curve
Tempe Vlretting Curve
date measured

container number
tension in cm

Tempe Drying Curve

Kettle/CX-2 Drying Curve
Tempe Welling Curve
dale measured

Kettle data points were converted from gravirnelric to volumetric by multiplying by the field Bulk Density
And the fraction of fines (less than 2mm).

Bulk Density = 201 g/om'
Fraction of fines = 0.40 1

TC-26 TC-26 TC-26 BA1 BBI BB1 BC1 BCt BC1 BC1 TC-1
7.00E+02 8.50E+02 1.00E+03 1.02E+03 2.04E+03 3.06E+03 7.14E+03 1.02E+04 1.97E+04 5.201E+05 1.00E+03

6.20% 5.73% 5.58%

5.37% 4.44% 4.20% 3.39% 3.04% 2.50% 1.30%
3.88%

3115/93 3/16/93 3/17/93 3/23/93 3/12/93 3/18/93 3/12/93 3/18/9 4/5/93 4/5/93 3/8/93

TC-1 TC-1 TC-1 TC-1 TC-1 TC-1 TC-1 TC-1 TC-1 TC-1 TC-1

7.00E+02 5.00E+02 3.00E+02 2.02E+02 1.05E+02 6.90E+01 5.45E+01 3.10E+01 2.40E+01 1.001E+01 6.30E+00

d

4.03% 4.37% 5.00% 5.77% 7.48% 8.69% 9.34% 10.30% 10.64% 11.38% 11.51%
3/9193 3/10/93 3/11/93 3/12/93 3/15/93 3d16/93 3/17/93 3/18/93 3/19/93 3C22/93 3/23/93

TC-1

2.50E+00

11.76%
3,r24/93

Points from kettle are enclosed by the double outline FE------------7-11

Points from CX-2 are enclosed by the single outline ^
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c^

14.00°^u

1.00E+01 9.00E+02 1.00E+03 1.00E+04 1.00E+05

Tension (cm H20)

L00E+06

U
0

rt C"

aW
W

12.00`7a

10.00°.%

0
>

8.00°%
r
m
c
0
U

6.00%

N

02
4.00%

2.00%

0.00%

1.00E+00

-^- Tempe Drying Curve ---o--- Kettle Drying Curve .... .. -•6........ Tempe Wetting Curve

Moisture Retention Sample Number
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iI1FIrlCnV. - ' ' l^

Tested By: ^N

Procedure No:

Test Plan No.
r'ressure Cell No.

Gauge:

Thermometer:

Balance:

Gauge;

. Date
Rev. -f-^0

'. Rev. N/A
Calibration Due Date
Calibration Due Date
Calibration Due Date

,- Calibration Due Date
Calibration Due Date

Calibration Due Date

Page of

Date Issued 2/25/90
Date Issued N/A^

(1) Tension units = em' lJT /lI/T 3.5 7, :3 '• L5 . 5. 4y . S 260.3 1 O ! SOd

( Containe r/Rin9 NuMr.r ZIJC'' ['.. .2^i' lu G"a6 'TC" L L'2G C" i.•:7 '((:"ab
Wt.

of

Container and

(3) Wet Saaiple, g k S I.^t 1 .6. 5 5 /S. E^Jr' t.^

^/

S l. 571.

[ )

J{+S.^.rJ

'

^i

+ t Wt. of Container and

(i ) Dry 5 2mple, g )'7 . J 6

,

(5) Cnntaine, Turc Wt.,
^

(6) teaperature ;LY 23

- _

23 2:3 3

(7) Date ^li: Y 3 93 ? ^ 93 W'L j -A r1 '-^.S 3

(i) Tension units < cm C)O t^•5 O O 00 /ll /V/{

(2) ContainmyRing Number - („' ,_;- (^- ^^ •)/fC.

Wt. of Container and

(3) Wet s )le, g 564.3 .S/ .3 ' ..lO.._..
Nt. of Container and

(4) Dry Sanple, 9

(5) Container tare Wt., 9

(6) Tenperature aq 1

(7) Date •' 3 /.3 i A Y A' l /

REMARKS TmQa Drying Curve ( O to 1 Dar)
Q ^ ^^ y 1'

^1a.'t,CJi..c^ (,('Mn-..rX

)0C7 ^^n- 1 /1^ 'Y. V It

All data are acurately and completely recorded. 1he test operator was trained and

used calibrated instruments (^

Checked By: `si I'/v...l..., lr lC C^- Date:

r

MO ISTURE RET ENTION DATA SHEET

0

w

a
m



MOISTURE RETENTION DATA SHEET

SANP( E No. ^J -0547

-
Page of

- --
Tested Dy: R.N. Shatller Dote

Procedure No: 17I Rev. 0 Date 1 F sued 2/25/90
lost Plan No: N/A Rev. N/A Date. IAsued N/A

Pressure Cell No.

_

TC- CoEibratioih Due Date

_

N/A

Gaugec GEiL •.2GA`I

^

CaI,ibratiowt Duc Date t, ;77 y¢ :.
ihermometer: 6Eil - 12

_
Calibratian Due Date

--

_
N/A

gelance: GEB - 3315 ' Col.ibratiaa Due Date 5/1 8/93
Gauge: GE0. •

` _-

Cal Ibration Due Date 7 -: 1- i'^
GE L - Callbration Due Date

n
00

(1) lension units = cm /1/ AJA OU k r.l (1 Z loon 1^

(Z) Container/Ring Nuabar (-'- -
^

L- &..
L

.
^-

Wt. of Container and

(3) Wet Samplc, g
1•71.51

.• -j .5SIq 6'. 6 7 54 3:^y.s - N ; 3 .k'S SG3. 65'

i

3 Y -'f.o G. 6.8
Wt. of Container and

(4) Dry Saaple, 9

R^' ik°rr'

' 1, O4 _

(5) Container Tare Wt., g / Z

(6) [caperature

L-1

z;^ 3 „?a 4 ;zµ

(7) oate 1G g 3 , >. < O Z

(1) Tension units = OR 1 46• ,1 IV

c(2) Container/Ring Nuabccr L- I c- ^,-I (,- C- C-
I

'-

Wt. of Container and

SO.

-

(3) Wet Sa le, 9 5 1 7-571y, _5 72 ,37 ' /.3. . t .I G:t• S.' S76. . 211 . 34
Nt. of Container and rI

(4) Dry Sample, g 17o7-1)t

t5) Container Tare Nt.. a 91r.nA 90_ 91

REMARKS .{-

*

Netting Curve T o to 1 Bar)

LitLtf,a^P.Pe- (.(,-v./ T' +^p.t_a.«Z.•Q I 6iiJ

16o-Kli•i 42 5:s6

ll data are acuratety and completely recorded. The test operator was trained and

sed calibrated inatrtne/nt^s ^T

hecked Oy: ;/ Date:

d
0

d ^

N ^

a
W
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MOISTIURE RETENTION DATA SHEET
_ ___

-SANPLE NO. ' .^•t^Os(7

,
,• -

PaAe of .J

Testedfly: : sDate

Pirocedure No: 17 Rev. Date' Issuied 2/25/90
Test Plan No:

_
, N/A ReN. N/A Date Issued

Pressure Cell No.
_

KETTLE PK05-01 Catllibration Due Date' N/A
^ . Gauge: GEL - 2038 Cailibration Due Date 6P 17/93

]fhermometer: GEL - 12. CaQibrotion Due Date NA '
Balance: GEL - 3315 Callibration Due Date 5118/W3

Gauge: GEL - Callibrotian Due Date

^GEL r
_

Cad.ibration Due Date±-

. S Ai . -7 7 1 V=,==
_

(1) Tension uni[si = cm

-

. S

=--_ -- -_

(2) Contelner/RIn9 Number 7/^^ iq ^ fA

Nt. of Cont:ainer and

(3) Wet Sempl e, ^ 9 .5 ! . Z J 76.7

7

-7 (Jtj ! , it/

Nt. of Container and

(4) Dry Snmple•, 9 53. 93 57. 2( 3.9d -.;z8 S3 73? ! 7.7 1 _

(5) Container Tarr. ut., 9 1 rl 30.3L- : q.i P̂!r.-34 .2 7. 'T3 36.36

(6) 1 aviperature 'j 2 7 .^ r) ^S....! -,.'Z ^-
--

(7) Date 013 3 e; 3/. 3 -,^±•3

. ,,

(1) Tension units cm

(2) Container/Ring N1n6er

Nt. of Conta-iner and

(3) Wet Sa le, ^g-

Nt- of Container and

(4) Dry ga le, g

(5) Container Tare Nt., g

(6) T rature

(7) C•ote

REMARKS . KETTLE ORYINGCURVE(051o1.00ARs) All data are acuratety and coapletely recorded. The test operator was trained and

(,^'z.ta/.-iL (l.,r:_.j- used calibrated instrusents

`i [^^ /111 _
/L^C'/^rl- I Checked Dy: - ___Date:

U
0

U tri

°.^,'ti`.. r
aW



^ 1 9 SAHPLE NO.

Tested By:

Procedure Na:

Test Plan No:

Pressure Cell No.
Gauge:

Theraometer:

Balance:

Gauge;

MOISTURE RETENTION DATA SHEET
e -- -,

Rev. T0

_ Rev. N/A
KIETTLE PK05-02 Calibration Due Date

2052; _ Calibration Due Dote
12 _ Calibration Due Date

3315 _ Calibration Due Date
2034 Calibrotioh Due Date

Calibration Duo Date

P'age:^` of :...r.

Dut4 Iscued 2/25/90

Date Issued

(1) Tension uiits = cm [j

, 3-1 3 T. 3-1 3 1 3-1
(2) Conte(ner /Ring Nudxr Xfi I _ ;L .P F" (

Wt. oflContoiner and •

(3) Wet saafoi.e, g j.•(i' 7` .55 .i3 '? 7' SS .5'15'7
Wt. of Container and

(4) Dry Sonpie, g .54. 6.3

L

.l..;Z S37 S1. - CJ

(5) Container'Tafe Vt., g , •f• ,27„5' ]V Z7 2 77f^ :Z SI

(6) T ratu r e 117 ;2 5 .Z5 1

(7) Date 3^/^ )3 /7'3 7 8 ' 3 /4 5: .' a z ' * 3 )'

n
0

1) Tension units = cm

2) Container/Ring Nunbcr

Wt. of Gontainer and

3) Vet Somp l e, g

Wt. of Container and

(7) Date I I I I I I I I t

REMARKS iCETTLE DRYING CURVE (2.0 to 5.0 BARS) All data are acurutely and completely recorded. The test operator was trained and

used calibrated instrunents
L^` f ^

CheckedBy: / ICCi) ,C-t-_ Dete:

2;=j.

0
CD

^ C11

w ^y
T E~

CX,J



SAMPLE NO

Tested By:

Procedure No:

lest Plnn No:
i Pressure Cell No.

Gauge:
Thermometer:

Balance:

Gauge:

'MOI STURE RETEMTI'AN DAT A SHEET

Pa a ^̂9

Date RlOL^
y

- , ^,i

117 Rev- •Y -Q Date )ssuedl 2/25 /90
Rev, NirA Date tsstA:dl

KETTLE PK15-02 Calibration Due Derte

_ _
_

GEL - ' 2038 Calibration Due Date 6/17/93
_GEL- 12 Cal(bratfon Due^ Dmte N/A
OEL - 33^15 CalibrationDuaDarte 5/18/93
GEL -

-
Ca(ibration Due:Dade ^- •

GELI-^ ' Colibration Due Date

(1) Tensioni_un its = cm

(2) CantaiA eT/Ring Nurber

5i, 5 f' Tz n, - -^

Wt. of' Container and

(3) Wet Sa le, 9 0.... .r' .s. 60¢LL -51Z.2
Wt. of Container and

(4) Dry Sam le, q .'i(I n^ S^'. 1.7F -SQit'1 Sk'

(5) Containir Tare Vt., 9 36-34o •c)./al 1•. ,t ^ _

(6) T empe rature r;Z /

_

(7) Date .S /2//^r7 311 0193

n
^

Tension.units =

Vt. of Container and

(3) Vet Semp-Ie, 9

Wt. of Container and

(6) Dry Sar^P le, 9

(5) Container Tare Vt.. 9

REMARKS KETTLE DRYING WeVE ( 7.0 TO 15.0 BARS) All data are acurately and eaeQletely recorded. The test operator was trained and

used calibrated instrrments

7
_
I•N Checked By: Dete:' 7-

l

0

xr9



CX-2 WATER ACTIVITY DATA SIIEGT

TcslcdDv: 4 L¢...^ ' Date,_ (,a ; Pagr,:_ Of

{?rocedurc No: i,-<L - 33 Rcv. r7 IDalc Issucd_^-
'lfcst Plan Nb: Rev. Date Issued '

E ui rncnl GEL No. Calibratiou Duc Dalc Eguipnrcnl GEL No. . 11 Calibralion Due Date
Balancx 3315 ':3 Dalancc

n

r+
N

Linear Offse:i l Data Prelesl Verif•icaiion Post Tes U Periodic VeriGcalibn

TN c of Salt U

Salt Conc. (Molal)/(Sal. ) S,Lr L i (A [,^ /[ce

Au• Rcadiu `) . /!'f , 7 5-5

Tcm ralurc °C 2rf.o +F o 24. y ,Zy,

Aiv Slandard 1120°C

r warcr romn uar Data ror samnms

7 3

i

Sam IcNo. SU•j• A r 5 '- SbK <• o!iti Y r -s- 9 oS7a 3 0' 0 3 57 '-65

ConlaincrNUtnbcr c, rBc I t' 3 AC; _11i Rc7 c

Aw Rcadin S' ffy 4 . 6 34Z . N

Tcm ralurc, °C 3. F ,[ . 7 ti. 14.7 1 Z 5.

Water Potcnt ial, Bars

Can ID No - ; .^ , j Oil g aLIA

Can+Soil14 'clnt..g 36.J 39.66 •. o t'. r do.r_S Y.79

Can+SoilDn•u1..C ir.C7 31 14 s .44.90 .a-76i ,+iiv a6..aff sSYt 38.Ln: 41 q 7 3P.8z

JMoislurc Contcnt, M. % ^ I I I I _^_ I I

al.._Y.^ ^r.a.r r(crr^^..ctl li.+.b. Cu++.

.L:af.t ^.•nt. ' ^[u^n•c^-^ fi.,+l) i^A°-.^ Cn
REMARKS

ral:1,
jl,,.r^brrkcdlly:

c-r src• wrw:
lur.1

Date: -ly-93

C7
O

d b7

"'+ C

9

ou



DOE/RL-93-78
Draft A

r ^ GEL 16 Sample No.
GEL 17 GEOTECHNtCAL ENGINEERING LABORATORY 3, o y(,7

,o^ GEL 19 ®
^14 GEL q

GEL-07 SIEVE AND HYDROMETER ANALYSIS
Peqe of

---FFF^-----

GEL-07 SIEVE ANALYSIS

Date a- t z-5 3 Celihration Due Oata (I - s S^i 3 Balance:

Sample Description _- ^ FYN7 Q(^YZM) E` Siave Tims 10 (min)

Reduced Byt zSplittina I^ e..-,.-, u Stockpiie

Siaw Sample Cumulative Cumulative Cumulative
_-3i1a Wei°ht- - Wt. P.etained % Retained % Passed Tested By

Z 2.Z lo. O

!1^'- i 3•7 ^3 y,•
6z6.0 Z8- 3 7l•7

37a E s 39•5 Go. 5

^ 0 4' • `I 4. / 97a

(D 2L.13 o•O `(o-o

V ie) 2.oL.T^ 101 .3 5,6 • I

co czz.3 ^0.5 /S•s
O

#:

L3S-L t 6•9 13.3
Lo o e56.o -7 7, z-

Remarks:

^ GEL-07 HYDROMETER ANALYSISI-

--in°ne DC lio aa e: ue Dataa bration

Thermcmeter: Calibration Due Date

•Hydr.mo :eC ^ •ra!:^re.,: ,,n Due D'ate

WEIGHT OF SAMPLE COMPOSITE CORRECTION

Wt. Container + Soil (q) Specific Gravity of Sample 1st Reading at eC

Wt. Container Iq) % Passinq No. 10 Sieve % 2nd Reading at eC

Wt. SoB (q) F
W K^

Hydrometer
SeBIn Pafdcle

Date
Clock Elapsed Time Hydrometer with tlPemperaturs

Suspension Dlamater Tested By
'Time (min) Reading Compqe^ ^1'q

I%) (mm)
^

Cor t1y
sv.

W5.0

15.0

30.0

60.0

250.0

1440.0

Remerks:

Tests Checked By Oata / . ^

C-13



DOE/RL-93-78
, . , Draft A

GEL 16

GEL 17 GEOTECHNICAL ENGINEERING LABORATORY
y.^ GEL 19 GEL-14, GEL-16, GEL-19
a+t _j G'cL U

' GEL-14 SOIL MOISTURE

Sample No.

3 _ o .f"G7

Papa of

f

Balance: 3 3 v

Thermometer: p

Wat Wt. Dry Wt.
Date + +

Can Can

z/a/43 I G33 LLI`c9-^

t .:s
2'z

a,:±

•`...t

.`k

Remarks:

Calibration Due Date Tested By Lt3 R-_=

Calibration Due Date -

p

+3

Toe
Moisture

Dry Wt. % Calculated
Wt. Soil Moisture By

63-00 IZy.s-^ s7^a.D^ ^I.19 L^ !^-""-a^rL^.

fL
GEL-16 BULK DENSITY-POROSITY

- DETERMINATION NO. 1

Pen No.: Mold: ® Plastic Metat Lenqth: 5.2

Sample Voluma,V,cu t p8 ) .67 ^L3

Wt. of Sample & Mold. 0 Z(.( g, 3

WE. of Mold, p
328 • ^^

Wet Wt. of Sample, a .-- 1^•<^,, -^

Wet Density of Sample. y m• 71oe -- Z •!^ ^., __

Water Content e.6 Dry Weight
y'-

Dry Density, 0/cc T d

Dry weight of Sample. 0, We ZIS^•(5 -"=-'^

•VofdRatio,e
D•37/D.

a-i,-y,-.-A

Remarks: S O & .)..

Tested By L- V Pj"^

Wet Wt.
we .

1+16Dry Wt.

Void Ratio, e^ Avp' Sp. Cr. x Val. 1

We

• •Porosity, n. °5 .

(

_1 100
1+e J

GEL-19 CALCIUM CARBONATE

Vessel No. Teated By L^ ^[L+4 9Q'+""-'^

Balance No. 5304 Data Due Ar 'ZS' P•3

Sample Weight 8'0 (p)

..,
t
r

- V
Semple Pressure n•:../ (psi( %CaCO 3

h
Per Gram

Remarks:

Tnsts Checked By:

C-14



DOE/RL-93-78
Draft A

116-KE-4A Borehole
10.5 to 12.0 ft bgs
Sampie BOTi.K3

C-15



SAMPLE NO. 3-0570
Conlact R.F. Raidl
'.Well No. 116-KE-4A
Qperable Unil 100-KR-1
HEIS No. ` B07LK3
Deplh 10.5 - 12.0

l•v^` J i'r
I

TEMPE CELLS Sample # 3-0570 1 Bar Drying Curve
lension in can N/A N/A 3.5 7.3 11 21.5 35.5 49 74.5 99

error in tension value 0.5 0.5 1 2 5 2 5 2
container nuumber MC-4 TC-29i TC-29 TC-29 TC-29 TIC-29 TC-29 TC-29 TC-29 TC-29
weight of canlainer/ring ±wel sample 167.19 561.11 581.06 581.34 581.04 500.59 579.92 579.07 577.20 576.00
weight of cointainer/ring,+ dry sample 166.71 560.50 559.90 559.90 559.90 5^59.90 559.90 559.90 559.90 559.90
weight of moisture 0.48 0.61 21.16 21.44 21.14 2,0.69 20.02 19.17 17.30 16.10
weight of coditainer and ring 61.05 426.29 425.60 425.60 425.60 42,5.60 425.60 425.60 425.60 425.60
weightofdry sample 106.14 134.21 134.30 134.30 134.30 134.30 134.30 134.30 134.30 134.30
moisture content % by wt. 0.45% 15.76% 15.96% 15.74% 15.41% 14.91% 14.27% 12.88"/u 11.99%
moisture contenl % by vol. 5.68% 5.75% 5.67% 5.55% 5.37% 5.14% 4.64% 4.32%
date measured 2/26/93 3/1/93 3/2/93 31'3/93 3h1/93 3/5/93 3/8/93 3/9/93
temperalure deg. C 24 23 24 25 22 25 23 24
volume of brass ring, cmA3 68.26

(')

TEMPE CELLS Sample # 3-0570 1 Bar Drying Curve:
tension in cm 200.3 300 500 700 850 1000 N/A N/A

error in tension value +/- 5 2 20 20 20 20
container number TC-29 TC-29 TC-29 TC:-29 TC-29 1fC-29 TC-29 MC-4
weight of canlainer/ring,+wet sample 573.47 572.35 570.99 569.84 569.37 568.84 5613.81 204.16
weight of cantainer/ring,+ dry sample 559.90 559.90 559.90 559.90 559.90 559.90 559.90 195.28
weight of mc isture 13.57 12.45 11.09 9.94 9.47 8.94 13.91 8.88
weight of coralainer and ring 425.60 425.60 425.60 425.60 425.60 425.60 425.60 61.06
weight of dry sample 134.30 134.30 134.30 1341.30 134.30 134.30 134.30 134.22
moisture content % by wt. 10.10% 9.27"/0 8.26% 7.40% 7.05% 6.66% 6.63% 6.62%
moisture content % by vol. 3.64% 3.34% 2.98% 2.67% 2.54% 2.40% 2.39%
date measured 3/10/93 3/11/93 3/12/93 3/15/93 3/16/93 3/17/93 3/18/93
temperature deg. C 25 23 26
volume of brass ring, cm43 68.26 Cell wt. before cleanup = 425.57 grams

SAMPLE BULK DENSITY = 1.97 g/cm' Cell wl. after cleanup = 426.38 grams
FIELD BULK DENSITY = 1.82 g/cm' 426.08 Average of al l 3

FRACTION LESS THAN 2 mm = 0.20

C7
O

U^
n ^

9



n
V

TEMPE CELLS Sample # 3-0570 1 Bar wrtting r_„Ne

tension in cm N/A N/A °1000 1000
-
errorintensionvalue+/- ; 20 20

conla'inernumber MC-4 TC-4; TC-4 TC-4
weight of conlainerhring ±wel sample 167.19 557,44 561.24 562.93
weightofcontainer/ring,+dry sample 166.71 557.23 557.50 557.50
weight of moisture 0.48 0,6i1 3.74 5.43
weight of container and ring 61.05 421.54 421.70 421.70
weight of dry sample 106.14 135.69 135.80 135.80
moisture content % 0.45% 2.75% 4.00%
moisture content % by vol. 0.99% 1.44%
date measured 2/25/93 2/26/93
temperature deg. C 22 23
volume of brass ring, cm"3 68.26

1000 10100 1000 1000 10100

20 20 20 20 20
TC-4 TC-4 TC-4 TC-4 TC-4

563.49 563.51 563.50 563.62 563.54
557.50 557,50 557.50 557.50 557.50

5.99 6.A1 6.00 6.12 6.04

421.70 421J70 421.70 ;421.70 421.70

135.80 135:80 135.80 135.80 135,.80

4.41%, 4.43% 4.42% 4.51% ^4.45%

1.59% 1.59% 1.59% 1.62% 1.60%
3/1/93 3/2/93 3/3/93 3/4/93 3/5/93

22 24 25 ' 22 22

TEMPE CELLS Sample # 3-0570 1 Bar Wetling Curve
tension in cm 1000 700 500 300 202 104,5 69

error in tension value +/- 20 20 20 20 20 20 5
container number TC-4 TC-4 TC-4 TC-4 TC-4 TC:4 TC-4
weight of container/ring,+wet sample 563.50 563.92 564.52 565.60 566.90 569.46 571.28
weighfof cdntainer/ring,+ dry sample 557.50 557.50 557.50 557.50 557.50 557.50 557.50
weightof moisture 6.00 6.42 7.02 8.10 9.40 11.196 13.78
weighCof container and ring 421.70 421.70 421.70 421.70 421.70 421.70 421.70
weight of dry sample 135.80 135.80 135.80 135.80 135.80 135.80 135.80
moisture content % 4.42% 4.73% 5.17% 5.96% 6.92% 8.81% 10.15%
moisture content % by, vol. 1.59% 1.70"/0 1.86% 2.15'/0 2.49% 3.17% 3.66%
date measured 3/8/93 3/9/93 3/10/93 3/11/93 3/12/93 3/15/33 3/16/93
temperature deg. C 23 23 24 22 23 23 26
volume of brass ring, [:m^3 68.26 Cep wt. before cleanup = 421.70 ' grams

Cell wt. aaer cleanup = 42t.12 grams

TEMPE CELLS Sample # 3-0570 1 Bar Wetling Curve 421.62 Average of all 3
tension In cm 24.0 10-0 6.3 2.5 N/A N/A
errorin tension value +/- 3 2 2 1 0.5

container number TC-4 TC-4 TC-4 TC-4 TC-4 MC-12
weight of container/ring;+wel sample 574.86 575.93 576.26 576.63 576.63 215.26
weight of container/ring ± dry sample 557.50 557.50 557.50 557.50 557.50 196.24
weight of moisture 1 17.36 18.43 18.76 19.13 19.13 19.02
weight of container and ring 421.70 421.70 421.70 421.70 421.70 60.55
weight of dry sample 135.80 135.60 135.80 135.80 135.80 135.69
moisture content % 12.78% 13.57% 13.81% 14.09% 14.09% 14.02°/,
moisture content % by vol. 4.61% 4.89% 4.98% 5.08"/, 5.08%
date measured 3/19/93 3/22/93 3/23193 3/24/93 3/25/93
temperature deg. C 25 23 25 24 25
volume of brass ring, cm^3 68.26 BULK DENSITY = 1.99

54.5 31

2 2

TC-4 TC-4
572.55 574.17 ^
557.50 557.50 0
15.05 16.67 l7 ^

421.70 421.70
135.80 1.35.80

911.08%u 12.28°ro w

3.99% 4.42"/0 ^
3/17/93 3/18/93

23 26



_ )1 l.,.[» YY

KtTTLES Sample # 3-0570 15 Bar Dr4ng C;urve , i
iension in Bars 0.5 0.5 0.7 0.7 1.0 1.0 2.0 2.0 3.0 3.0

error in tension value +/. 20 20 20 20; 20 2'.0 20 20 20 20
container number BA7 BA8 BA7 BAB BA7 BAa 1387 BB8 BB7 BB8
weight of conlainer/ring,+i,vel sample 51r50 541.39 51.58 54.41 51.35 54.13 52.13 54.47 52.07 54.36
weight of container/ring,+ dry sample 50.08 52.81 50.16 52.87 49.98 52.61 50.98 53.19 50.94 53.15
we^ght of moisture 1.42 1.58 1.42 1.54 1.37 1.52 1.15 1.28 1.13 1.21
weight of container and ring 27.72 28109 27.72 28.09 27.72 28.09 27.77 27.87 27.77 27.87
weight of dry sample 22.36 24.72 22.44 24.713 22.26 24.52 23.21 25.32 23.17 25.28
moisture content % 6.35% 6.39% 6.33% 6.21°66 6.15% 6.20% 4.95% 5.06% 4.88% 4.79%
da6e measured 3/18/93 3/12/93 3/12/93 3/23/93 3/23/93 3/12/93 3/12/93 3/18/93 3/18/93
lenYperalure deg. C 27 :27 24 24', 25 25 24 24 27 27

KETTLES
tension in Bars 5.0 5.0 7.0 7.0 10;0 10.0
error in tension value +/. 20 ^0 100 100^ 100 100

conitainer number BB7 BBB BC7 BCEI BC7 BC8
weight of conlainer/ring,+wel sample 51.96 54.26 63.93 62.36 63.65 62.25
weight of container/ring,+ dry sample 50:90 53..11 62.68 61.17 62.52 61.16
weighl of moisture 1.106 1..15 1.25 1.19 1.13 1.09 p
weight of container and ring 27.177 27..87 30.35 30.32 30.35 30.32

f7 weight of dry sample 23.13 25.24 32.33 30.85 32.17 30.84
moisture content % 4.58% 4.56% 3.87% 3.86%. 3.516/6 3.53% ^^ ^y-.r00 datf measured 3/23193 3/23/93 3/12/93 3/12/93 3/18/93 3118/93 y W
tenl perature deg. C 45 25 24 24 27 27^

00

Wa^er Potential Data for CX-2 Samples
Sample No. 3-0579A 3-0570
Container Number BC7 BC7
AwReading 0.641 0.892
Temperature °C 241.9 25.1
Water Potential, Bars 611.1 157.1

Can ID No BA7 BA8
Can + Soil Wet wt., g 35.57 38.79
Can + Soil Dry wl., g 35.46 38.60
Can Tare wt., g 27.72 28.09
Weight of Water, g 0.11 0.19
Dry Weight of Sample, g 7.74 10.51
Moisture Content, wt. % 1.42% 1.81%

dale measured 4/5/93 4/5/93



I4 I ,.

n
^^

PVIIV TJ JCLECIED rlll'l YLO1 I InIC% Saimple # 3-0570

container number TC-^9 TC-29 TC-29 TC-29 TC-29 TC-29
Tension in cm 3.50f;+00 7.30E+00 1.10E+01 2.15E+01 3.55E+01 4.90E+01
Tempe Drying Curve 5.438% 5.75% 1 5.67% 5.55% 5.37% 5.14%
Kcttle/CX-2 Drying Curvr:'
Tempe Welting Curve
dale measured 2/26/93 3/1/93 3/2/93 3/3/93 3/4/93 3/5/93

container number

tension in cm

Tempe Drying Curve
Kellle/CX-2 Drying Curve
Tempe Wetting Curve
date measured

conlainer number
tension in cm
Tempe Drying Curve
Ketlle/CX-2 Drying Curve,
Tempe Wetting Curve
date measured

container number
tension in cm
Tempe Drying Curve
Kettle/CX-2 Drying Curve
Tempe Welling Curve
date measured

TC-29 TC-29 TC-29 TC-29 TC-29

7.45E+01 9.90E+01 2.OOE+02 3.OOE+02 5.OOE+02
4.64% 4.321Y. 3.64% 3.34% 2.98'/°

3/8/93 3/9/93 3/10/93 3111/93 3/12/93

TC-29 TC-29 TC-29 BA7 B87 B87 BC7 BIC BC7 BC7 TC-4
7.00E+02 8.li0E+ip2 1.00E+03 1.02E+03 2.04E+03 3.06E+03: 7.14E+03 1.02Er04 1.60E+05 6.23E+05 1.00E+03

2.67% 2.54% 2.40%
2.23% 1.80% 1.74% 1.39% 1.27% 0.65% 0.51%

1.59%

3/15/913 3/16/133 3/17/93 3/23/93 3/12/93 3/18/93 3 112/93 3/1819 4/5/93 4/5/93 3/8/93

TQ-4 TC-4 TC-4 TC-4 TC-4 TC-4 TC-4 TC-4 TC-4 TC-4 TC-4

7.00E+02 5.OOE+02 3.OOE+02 2.02E+02 1.05E+02 6.90E+01 5.45E+01 3.10E+01 2.40E+01 1.00E+01 6.30E+00

U
0

1.70% 1.869/6 2.15% 2.49% 3.17% 3.66% 3.99% 4.42% 4.61% 4.89% 4.98% d^
3/9/93 3/10/93 3/11/93 3/12/93 3/15/93 3/16/93 3/17/93 3/18193 3/19/93 3/22/93 3/23/93 T r

y

TC-4
V

00
2.50E+,00

5.013%
3/24l93

Kettle data points were converted from gravimetric to volumetric by multiplying by the field Bulk Density
And the fraclion of fines (less than 2mm).

Bulk Density = 1.82 g/cm'
Fraction of fines = 0.20

Points from kettle are enclosed by the double oullineC-=-]

Points from CX-2 are enclosed by the single outline C=



n
N
0

6. 00%

1.00E+01 1.OOE+02 1.00E+03 1.00E+04 1.00E+05

Tension (cm H20)

1.OOE+0s

0
0

d ^

N ^J-
Tr
aW

00

5.00%

0 4.1J0"/o

0

c

3.00%
0
U

0
:E 2.00%

1..00%

0.U0%

1.00E+00

-w- Tempe Drying Curve ---o--- Kettle Drying Curve --.-° o-°°° Tempe Wetting Curve

Moisture Retention Sample Number



M U I5TURE RETENfIUN UAIA SHEEI
II^----^---
ISAnPLE No. ' . ._i•Q<)70

--r _ _-
^e

-
Page of

Tested Dy, R.N. Sha ilter Date f̂^ yfY3 .,

Procedure Non _ 17 Rev. Date lssued 2/25/90
Test Plan No- N/A Rev. N/A Dote ( ssuad N/A

Pressure Cell no. IC- ',1cf Calibration Due Date N/A

Gauge: GEL r 96A 6 Calibration Due Data / 2 7

^rTher^haneter: GEL - 12 Callbratiion Due Date N/A
Dalance: GEL 3315 _ Calibratilon Due Date 5/19V93

Gauge:: GEL •• :JOt// Catibratnon Due Date /-17-73

(1) Tension undts = cm AIA /} 3 .5 7• 3 1. rj 35_9^ 7^/ 5 •?00.3 3 D

(2) Conta(ner/ ins Nuiber 7r'tC • TG' 1 -^ ' C'^ ^l '1,C.'^9 ' '^ ": .2 5 2 P C'
Nt. of Container and ,

(3) Net sa tr, q } S'G .' P1.6! 531.34 S .6
•

0. •` S71'9L -571 61 577. 2-0 . G.oo 7" 7o.
Ot. o( Contoincr and

(L) Dry saaCdc, g ^j. /} '

(5) Container larc ut., g LI•05 p•,2'^

(6) Teaperature ;zq
5 oz 2rj ? ,( r23 23

(7) Date U ' S 3 " 't -^ '• 73

GEL Calibrat6on Due Date

^ 3

n

(1) Tension uni[s = cm SJ O1 0e) l7 /lJ/^

(2) Container/Ring Nunber t7-,7 C-

Nt. of Container and

(3) uet sa le, q 9. S!•r. SLB.Yf S[8.Y 204.1(,
4t. of Container and

(4) Dry sampee, g

_

^ „t((

(5) Container Tare Nt., g 71 1, QG

(6) Tenperature ;t 3

(7) Date 2 ' ^ : i 3!V •1

REMARKS Tempe Drying Curve ( 0 to 1 Oar)

(^lRn.e(.(^ (L„^;r lt Clis.cR'l<t.t4. CJ'r

'^zG.,s

All data are acuratety and conpletety recorded. The test operator was trained and

used calibrated Instrunents y _ _ q 3I_ ^,^lt

Checked Dy: Dete:

0
tril

iy \

"^-,^
;D W

V
W
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n
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-^- -
e

--

-^

^_^Page of
-__

Tested By: R.N. sha(ler Date ,z

A
c-3Procedure No: 17 Rev. D Date Issued 2/25/ 90

Test Plan No: N/A Rev. N/A Date Issued N/A
Pressure Ccll No. Te• ./ 1 __ Calibration Due Date N/A

_

^. , . Gauge:

Thernwmetcr:
GEL -
GEL •

db'A9
12

Cal ibration Due Date_
Calibration Due Date

^^, r•/ ^_

' N/ A
Balance: GEL 3315 calibration Due Date 5/0/93

6auge: DEL -

GEL •

1)i?I : Calibration Duc Datc
' Calibration Due Date

n

_ _--

(1) Tension units = cm AM /IIA

-

' (,7

^

(13 _ /Jd•` /abo

-

1(_')60 6

p

3O

(2) Contoinem/Rin9 Nunber [ ,j c " 7-c ^.fT ?c '•^ if - ^C' '4 i'

_

1

4t. of'Containar and
(3) N et eample, 9

Nt. of Container and
(4) DrySaep le, 9

6

7

SZ S 61. a
'.

^ 73 5' r

.

. G'S. 1
, .

3..5J
'

. 3.G' S 3, x33J G3. SC4.S2 i5.6n 'I
.'

(5) Contaiiner Tare Nt., 9 61• ^S •{Z(, 5•^ '

i

(6) Temperature 2 Z

--_-

,^ "^ ••s. • S :2 ^ ^ 2 3

_

2 2

O) Dete 4
"
'3 ?.Y(- -•'_: o' "_ `_ l . 3 `_ _ _i " ^ 3 . ' T _ ^ 3 3 n • 3

(1 ) Tcnstan unf[s = cm • ^'/ •j• ) il/,r+ /U/j

(2) Container;rRing Hurbcr -r"- 4 L- 1C-rf C.- _f- -°l C: 4' '.-•f ' C-4 C:-4 ' C- )-NGdL

Wt. of Container and

(3) Wet Sa® le, g K. J71. i 2_S; 9 f!L . 7'. L.26 57( C? 57G.C3 ,21S aG
Nt. ofContaincr and

(6) lenpereture r

c7) Date ^li:/13 1 shsld -SGll^ _Yzzzz_ ;L19t
43

lsI^a/9i
REMARKS Teape Wetting eurve (D to 1 Der) All data are acurately and completely recorded. The test operator Was trained and

ofx.^.^& 0,--t r*- r`^ •t^ 'i`V^ used calibrated in:9truaents

)00
I 'rZ I. I^ l

Checked By: Date:L^

d
^

d ^

rt (^

aW
V
W
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FF ,

Pro<cdure No 17

..,^ sAliPLE N0,

Test Plun No:

Pressure Ccll No.=Gauge: _ GEL -
Thereaneter• GEL -

Balance:

_

GEL -
Gauge: -' GEL -

LFI -

Mnf^T1c1^C n
IV• IV11^

w 1

iiiVli uA1N SHEET
r^.tY e;

Pnge_^s- , .^G
. ,

_ } c+

Diate

Eev ate lssued 2125P'b0
Rev. . N/A ate Ilssucd

Calibratlon Due Dot^ N/A
Catibration Due Dat 6/17/93
Calibration Due Dat

--Calibration Due Dot 5/18/93 '' - _
Calibrntion Due Dnt

_

'
_ Calibration Due Dut

_

I _' _'

(l) Tension units = cm

.. ^-
^ (2) Con[airicr/Ring Nunber l'

r
,^^/ ,1

Nt. q( Container and

C3) uet Sn lc, 9 Jyt{^ J1t3^ Jl. 1
3

Wt. of Container and

(<) Dry SaaPle. 9 9. `JF'

) Container Tare ut., 9 .2 R22 .2 .p9 ' A 28.0° ,2Z72 :25'0

(6) T ral:ure Z.7 Z7 ,.Z'f .Ztf 25 :15

(i) Date N ' ' c 3 93 3/<II 5 ; 's t•/ s

('U Tenslon tnlts = cal

(2) Container/Ring Nunber

Wt. of Container and

(3) Wet San (e g

Wt. of Container and

(G) Dry 5;aapte, 9

(5) Container Tore Nt., g

(6) T rature

(7) Date

REMARKS KEITLE DRYINGCURVE(0.51o1.08ARs) All data are acuratety and coapletely recorded. The test operator was treined atd

^•^;c LA.t,-h (L(^L.r
used calibrated instrunents

/C^'=KIl _ r

/^ !1

Checked 8y: Date:



1

^] II

iMPLt NO.

Tested By:^!{.:" jFj!)

Procedure Not IT
Test Plan No: N A

Pressure Cell No.__J.

Gauge: 16EL -
Thermbmeter: GEL -

Balance: GEL -

Gauge: I.EL^-

7E-L

MO ISTURE RETENTION DATA SHEET

Pa9e .• oZ ol I:. i.i.

r, Date ,i At • ? '. a

Rev. 0

,

Data Issued 2/25/90
Rev. N/A Date Issued

calibration Due Date
Catibration Due Date 7/2/93

^
Calibration Oue Date N/A

^-Calibration Due Date 5/18/93
T̂ Calibration Due Date 4/3/93_

Calibratlon Due Date

(i) Tension units = an "1 •'^- J^ 3 5 S

3-7 .3-Y 3-1 39 0-7
(2) Container/Ring NudLr C

T
T

Nt. of Container and • .

(3) Wet Sa le, g S2 !" tiE •' S?.b
Nt. of Container and

(4) Dry Sa le, g CT. W 53.19 d. yy . 5L. 1'0 .".) I

^(S) Container Tare ut., 9 27. 77 a7, ^ ,1 • • 7.$"^ 2777 .Z],yr7

(6) T mperature ?-`f ^'f ;2 z7 •2,5 .25

(7) Date )3 3 r.Y 43 3 /X `Ij"̂ 3' 1 6i

Nt. of Container and

'et SamDle, g _

Vt. of Contoiner,and

(7) Date

REMARKS KETTLE DRYING CURVE ( 2.0 to 5.0 BARs) A'll datal are acurately and eonQletely recorded'. The test operator was trained and

used calibrated instruments
/^
1/

160
- Checked 13y:_ D^AnL^ Date: 7-

(D
^ [t7

,^T [~

a Lu
Co



N
(1

IRJ: F ^I ^.ii^
^Y

MOISTURE RETENTION DATA SHEET
^=_--_ - -- _

SANWLENO.I ^ .; .^_n-•.Ic, ) • . ' Pa g e ofti . ^]t. _

Tesled O Y: Date 3n`^^^

Prxcdure No: 17 Rev. 0' Date Ies:ued 2/2
Tee:t Plan No: N/A Rev. N/A Date Issued

Pressure Cetl No. KETTLE PK1S-02 Calibrotion Due Delte
Gauge: GEL - 2030 Calibration Due Da'Ne 6/17/ 93

E

Thernometer GEL - 12 Calibration Due Dmte N/A
Dalani:e: GEL - 3315 Calibration Due Dair,e 5/10/93

Gauge GEL - Calibration Due Dailte
GEL - Calibration Due Date

7 7 /ci CJ

(1) Tension uni' ts = cm 7 7 /v

l
'S 7 j•Y 5-7 S Sf

(2) Containrr/R ing , Nurber fJ' tfC

Vt. of Container and

(3) 'uet sen,1te, g'. 63 9 2.3L 63. 5 .7.111i
' 4t. of Contpincr ard' . ',

(4) Dry 5:z1c, 9 i 0 .,^.'1 AI.S), ^7. %6 ^

(5) Cixrtainer tarc ut., g 3j,°r 30..35 36..i.1-

(6) T<mpcrettire_ .?'( 2°^ n7 1 7 7

.'' ' , rz^J3 3 Fz/13 " J3^ ^ /(7) Da te ? R i 3 i9 7

( 1) Tension uni¢s = um

(2) Conbiner/R f ng Nueber

Nt. of iContaiiner and

(3) N et Senple, g

Nt. of Ccntainer and

(4) Dry Sat:^le_g

(5) Container Te rc Vt., g

(6) T ratvi-c

(7) Date

REMARKS KE77LE DRYING CURVE (7.0 to 15.0 BARS) Alt date are acurately and casptetely recorded. The test operator was trained and

used calibrated instruments

^' ^ ^ Date:d 0h k^i ^'- ^c• y:C ec e

a I^t^

U
0

U^
n ^

a
V
W

3
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^ CX-2 WA't'ER ACr1VtTY 1)A'rA SlrFE r ^
Tested By: 'rJ\ yi?. Pagc of

Proccdurc No: C:-P_• L- 33 Rcv. I ,n Dalc Issucd .7% rs/ry.9 ^

Tcst Plan No: Rev. Dale Issued

n
rn

E ui ntent CEL No. Calibralion Duo Datc B ui ntenl GEL No. Calibrnlion Due Date

Oalaocc '^^^ ^:3 Dalance

Thennomclcr Thcrmomclcr

Lincar Ofisct Data Pretest Verificatlion Post Tcst t Periodic VcriGealion

Tr of Salt 'D ^

-Salt Conc. (Molal)!(Sal.) ,''' L.1 (^-

rt

'+LCx I '

Arv Readin lI `f .7S 5

Tcm ranuc °C 2M 0 ,?4 0 24. 4 r'l. 5

Aw Standard al 20°C

Water Potcnlial Data for Saro rlcs

Sam lcNo. -ci 5le-T A - 561f a-o. !. 't- ' S - •. L9 SoS a '> O o 11 3- 6 :57 A '. 5

ContaincrNumbcr C IRC I C 3 0\C4 3t:5 AL.S RC7 r= ySC

AwRcadiu . 9 9 C . Sy , rR 'G S . 6 . 99z , 133 - '
y'

6

Tcm mturc"C i 3.& ^4.'7 ^,.t. 2y. zd.i. z5 ^". . 5.

\Valcr Potcnlial, Dars

Moisture Content for \Vati• Potential Samples

CanIDNo 5 / °

Can+Soil \Vcl vd., ' L• ' 311.11 `. 0 37 x^ 32,22_ `

Can+SoilDn'vr1., 3' '18 38. O 3763 t9.Ro 36.afi 34- t o t 3P.4z

CanTarcisl., 27.93 .3 I5•.L7 :27.Y-( 36•-i7 %LZyY 7z ?4.0? ?I^SX z7

\Vci bt of \Vatcr,

Drv Wei ght of Sam Ic,

Moistnre Content. M. %

REMARKS AI QICCLVL.,: r(1^S^^COM 7

tf¢4r.^^1 cL..^ L.so. ^^fA..^C:..l1:-a^1a

ChcckcdDy: 4-jiilit c.r. Dale: I/-/%-77

C7
0
mU^

d ^

a
^



DOE/RL-93-78
Draft A

:ieL07® GEL1fi®

GEL09 cEiii[>3 _--_

.--

GEOTECHNICAL ENGINEERING LABORATORY
e-_--•..nryw rJo.

^•os>o

GE0O ® GEL 19

GEL 14 ® GEL
GEL-07 SIEVE AND HYDROMETER ANALYSIS PaOe of

GEL-07 SIEVE ANALYSIS

Calibratioll4ue Data '^-7. _t=4 9a!ance• 3/ bDate

Sample Description F vn.._1.,,-v G C•b b^+ t , S^ -^ Sieve Time 10 (m

Reduced By. ® Splittln0 q nuanednp ^ Stockp)Ie

Sieve
Size

Sample
Weight

Cumulative
We. Retained

Cumulativa
% Retained

Cumuladw
% Paesed Testsd By

4 /7a./ Jr ° 6z.y( 4, li

1 I ^i I 96a.7 SSP yq. z

/pYc. f- Lo.E' 3S•z

3^Sr c.v 7-Z 3z.Fr

3.3 2C. 7

f^ i3so,rr ?!o•z

liO I Lb•.i 8a, ra ^f9-7 R.9
ba 9 7, SS'• le. . P, i

/d'D /08: L 5.0 6 •`J

Z00 --7-/.S 5'.0

Remarks:

GEL-07 HYDROMETER ANALYSIS

n..-

•• Balance: Calibration Oue Dete

Thermometer: Calibration Due Date

Hydrometer: Calibration Dua Date

WEIGHT OF SAMPLE COMPOSITE CORRECTION

Wt. Container + Soil (p) Specific Gravity of Sample 1 st Reading at •t

Wt. Container (p) % Passing No. 10 Sieve % •t2nd Reading at

Wt. Seil (p)
A VL.& K

q'.•

Date
Cloek
Time

Elapsed Time
Iminl

Hydrometer
Reading

::yd:oraetar-
with .

Compozite,^
CortepiZo,n e

TeinPeratu e-
r^ LC) ^
^ •

Soil In
SuzD)sian

e

Panicle
Di(rmra' r

-

Tested By

2.0
A

s.o

15.0

30.0

60.0
•

250.0

1440.0

Remarkz:

Tests Checked By

C-27
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DOE/RL-93-78
Draft A

116-KE-4A Borehole

13.0 to 15.0 ft bgs
Sample B07LK4

C-29



n
0

I rlsi +" e `I

Cqntact R. F. vRaid l
Well No. 116-•KE-4A
Operable Unil 1010-•KR-1 ^
HEIS NQ. B107 I,K4
Depth 1:3.0 - 15 .',0I

TEIMPE CELLS Sample # $-0568 1 Bar Drying Curve
tension in cm N/1A NlPr 3.5 7.3 19 21.5 35;5 49 74.5 99
error in tension value +/- 0.5 0.5 11 2 ',5 2 5 2

container number br1C-2 T6-27 I
TC-27 TC-27 TG27 Tlh-27 TC-27 TC-27 TC-27

weight of container/ring,+wet sample 161.54 557.90 577.83 578.19 578.00 577.76 577.70 577.05 575.36 574.42
weight of container/rinig,+ dry sample 1161.23 55J.4t3 556.50 556.50 556.50 556.50 556.50 556.50 556.50 556.50
weight of moisture 0.31 0.42 21.33 21.69 . 21'.50 21.26 21.20 20.55 18.86 17.92
weight of containe:r and ring 60.84 42'1.7^ 421.70 421.70 421.70 421'.7CI 421.70 421.70 421.70 421.70
weir^hl Of dry sampte 100.70 1d3ti.7 134.80 134.80 134^80 1341.80 134.80 134.80 134.80 134.80
moisture content `%a by wl. 0:31qa 15.82% 16.09% 15.95% 15.'77"/a, 15.73% 15.24% 13.99% 13.29%
moisture content % by vol. 11.95% 12.15% 12.04% 11.5'1°/m 111.88% 11.51% 10.57% 10.04%
date measured 2/26/93 3/1/93 !3/2A93 3/3/93 3/4/93 3/5/93 3/6/93 3/9/93
temperature deg. C 24 23 ! 24 25 22 25 23 24
volyme of brass ring, cmA3 618.26

TEMPE CELLS Sample # 1-0566 1 Bar Drying Curve
tension in cm 200.3 300 500 700 8:50 1b00 N/A N/A

error in tension value +/- 5 2 20 20 :20 . 20
container number TC-27 TC:-27 TC-27 TC-27 7C••27 TC-27 TC-27 MC-2
weight of conlainertring ±wet sample 571.86 570.04 568.36 567.19 566.91D 56fO.47 566.42 205.89
weight of contalner/ring ± dry sample 556.50 556.501 556.50 556.50 556..50 55t.50 556.50 196.00
weight of moisture 15.36 13.54 11.86 10.69 10.A0 5.97 9.92 9.89
weight of container and ring 421.70 421.70, 421.70 421.70 412130 421.70 421.70 60.85
weight of dry sample 134.80 134.80- 134.80 134.80 1.34.80 134.80 134.80 135.15
moisture content % by wt. 11.39% 10.04°'0 8.80% 7.93% 7.72% 7.40"/0 7.36% 7.32%
moisture content % by vol. 8.130"k 7.59% 6.64% 5.99% 5.8396 5.59% 5.56%
dale measured 3/10/93 3/11/93 3/12/93 3/15/93 318/93 3/17193 3/10/93
temperature deg. C 25 23 23 24 25 23

1
26

volume of brass ring, cm"3 68.26 Cell wl. before cleanup == 423.85 grams
SAMPLE BULK DENSITY = 1.97 g/cm" Cell wt. after Geanup == 424 .9 grams

FIELD BULK DENSITY = 2.03 g/cm" 423.48 Average of all 3
FRACTION LESS THAN 2 mm = 0.37

U
O

O^

^r
^•'°w
V^



w

TEMPE CEI'rl-S
tension in crN

error in tetlsion value +/-
container nu mber
weight of co;npainf:Uring,+wet sample
weight of conyainex/ring,+ dry sample
weight of moisture
weight of conpaine^r and ring
weight of dqr r;ample
moisture corid,ent 'Vo
moisture condenl % by vol.
dale measured
temperature !dleg. c
volume of brtaiss ring, cm"3

TEMPE CELLS

tension in crr`

error in tension value +/-

container nurnber

weight of conitainedring ±wel sample
weight of con^tainer/ring,+ dry sample
weight of mo4slure
weight of container and ring
weight of dry sample
moisture content °,k
moisture content % by vol.
date measureSd
temperature eg. p
volume of br^ss ring, cm43

TEMPE CEL^S
tension in cn4

error in tension value +/-

conlainer number
weight of condainer/ring,+wel sample
weight of con.taineir/ring ± dry sample
weight of molisture
weight of conlainer and ring
weight of dry sample

moisture conltent %
moisture conllenl % by vol.
dale measured

temperature deg. C
volume of brass ring, cm^3

T

r;_ d^`

Sample # 3-0568 1 Bar \Nelting Curve
N/A N/A ^1000 1000 10010 1000 1000 1000 1000

20 20 0 20 20 20 20
MC-2 TC-2 TC-2 TC-2 T'-2 TC-2 TC-2 TC-2 TC-2

181.54 562.46 567.38 568.53 568.71 568.73 568.76 568.87 Ei68.73

161.23 562.05 562.40 562.40 5i6'^..40 562.40 562.40 562.40 562.40
0.31 0.41 4.98 6.13 6.31 6.33 6.36 6.47 6.33

60.84 430.39 430.60 430.60, 00.60 430.60 430.60 430.60 430.60
1010.70 131.66 131.80 131.80 1311. 80 131.80 131.80 131.80 1131.80
0,31% 3.78% 4.65% 4.79°/, 4.80% 4.83% 4.91% 4.80%

2.85% 3.51% 3 .6^% 3.63% 3.64% 3.71% 3.63%

2/25/93 2/26/93 3/1/!93 3/2/93 3/3/93 3/4/93 3/5/93

22 23 22 24 25 22 22

613.26

Sample # 3-0568 1 Bar Wetting Curve
1000 700 500 300 202 104.5 69 54.5 31

20 20 20 20 20 20 5 2 2

1fC-2 TC-2 TC-2 TC-2 TC;2 TC-2 TC-2 TC-2 TC-2
568.71 569.23 570.06 571.64 573.47 576.56 578.29 579,.31 580.52 d

562.40 562.40 562 40 40562 582.40 562.40 562.40 582.40 562.40 O

6.31 6.83
.

7.66
.

9.24 11.07 14.16 15.89 16.91 18.12 ^
ry430.60 430.60 430.60 430.60 430.150 430.60 430.60 430.60 430.60 rt r .̂,

131.80 131.80 131.80 131.80 131.130 131.80 131.80 131.80 131.80 9 W

4.79% 5 18% 5 81% 7 01% 8 4.0'0 10 74% 12.06% 12.83% 13.75%
3:62%

.
3.91%

.
4.39%

.
5.29%

.
6.34%

.
8.11% 9.10% 9.69% 10.38% 00

3/8/93 3/9/93 3/10/93 3/11/93 3/1^J93 3/15/93 3/16/93 3/17/93 3/18/93

23 23 24 22 23 23 26 23 26

68.26 Ced Y.I. berae c!eanup - 4310.59 pnms

Ckll M. alter cleanup = 430.19 grame

Sample # 3-0568 1 Bar Wetting Curve 430.49 Average of all 3
24 10.0 6.3 2.5 N/A! N/A
3 3 2 2 b.5

TC-2 ' TC-2 TC-2 TC-2 TC-2 MC-10
580.94 581.86 582.03 582.32 582.30 212-03

562.40 562.40 562.40 562.40 562.40 192 • 27

16.54 19.46 19.63 19.92 19.90 19.76

43b.60 430.60 430.60 430.60 430.60 60.52

131.80 131.80 131.80 131.80 131.80 131.75
14.07% 14.76°/, 14.89% 15.11% 15.10% 15.00%

10.^'i2% 11.15% 11.25% 11.41%
3/1'9/93 3/22/93 3/23/93 3/24/93 3/25/93

25 23 25 24 25
68.26 BULK DENSITY = 1.93



w

-K!ETTLE73
tension in Bars

error in, tension value
container number
weight of cor6lainer/dng,+vvel sample
weighl of container/ring,+ dry sample
weight of moiisture
weight of container and ring
weight of dry sample
moisture conf,ent %
date measured
temperature deg. C

KETTLES
ter,lsion in Bars

error in tension value
container number
weight of container/ring,+wel sample
weight of conlainer/ring,+ dry sample
weight of moisture
weighl of container and ring
we'ght of dry sample
moisture content %
dal;e measured

temperature deg. C

Water Potential Data for CX-2 Samples

Sample # 3-0568 15 Bar Drying Curve
0.5 0.5 0.7 0.7 1.0 1.0 2.0 2.0 3.0 3.0
20 20 20 20 20 20 20 20 20 20
BA3 BA4 BA3 BA4 BA3 BA4 6B3 B84 BB3 884

60.88 57.13 60.77 57'.03 60.57 56.82 57.96 56.62 57.79 56.47
58.40 54.91 58.46 54:96 58.35 54.83 56.32 55.02 56.32 55.02
2.48 2.22 2.31 2.07 2.22 1.99 1.64 1.60 1.47 1.45

28.67 27.84 28.67 ^7.84 28.67 27.84 27.62 27.52 27.62 27.52
29.73 27.107 29.79 27:12 29.68 26.99 28.70 27.50 28.70 27.50
8.34% 8.201% 7.75% 7.63% 7.48% 7.37% 5.71% 5.82% 5.12% 5.27%

3/18193 3/18/93 3/12/93 3/'12ir93 3123/93 3/23/93 3/12/93 3/12/93 3/18/93 3/18/93
27 27 24 24 25 25 24 24 27 27

5.0 5.0 7.0 7.0 10.0 10.0
20 20 100 100 100 100
663 884 BC3 BuC4 BC3 BC4

57.59 56.31 59.61 58;99 59.36 58.75
56.20 54.95 58.43 57;89 58.33 57.80 CJ
1.39 1.36 1.18 1.10 1.03 0.95 O

27.62 27.52 29.28 30.50 29_28 30.50 dtrl

28.58 27.43 29.15 27.39 29.05 27.30 °
4.86% 4.96% 4.05% 4.02% 3.55% 3.48% > 'Ip

3/23/93 3/23/93 3/12/93 3/112193 3/18/93 3/18/93
25 25 24 24 27 27 00

Sample No. 3-0568A 3-0568
Container Number BC3 BC3
Aw Reading 0.844 0.984
Temperature °C 24.5 24.5
Water Potential, Bars 232.7 22.1

Can ID No BA3 BA4
Can + Soil Wel wl., g 39.04 37.24
Can + Soil Dry wl., g 38.90 37.03
Can Tare wt., g 28.67 27.84
Weight of Water, g 0.14 0.21
Dfp Weight of Sample, g 10.23 9.19
Moisture Conlent, wt. % 1.37% 2.29%

date measured 4/5/93 4/5/93



I POIMTS SEIi-ECTED FOR PLOTTING Sample #
conlhinernuqnber TC-27 TC-27 TC-27

I Tension in cm 7.30E+00 1.10E+01 2.15E+01
Tempe Drying Curve 12.15% 12.04% 11.91%
Kelth:/CX-2 IDrying Curve
Tempe Well ing Curvei
dale measured 3/1/93 3/2/93 3/3/93

containernur,mber TC-2ir TC-27 BA3

3-0568
7C-27 TC-27 TC-27 !TC-27 TC-27 T627 TC-27 TC-27

3.55E+01 4.90E+01 7.45EI+01 9.90E+01 2.001E+02 3.OOE+I1012 5.IDOIE+De^, 7.00E+02
11.88% 11.51% 10.57% 10.04°k 8.60% 7.5996 6.649A. 5.99%

3114/93 3/5/93 3/8/93 3/9/93 3/10/93 3/11/fIBi3 3/12/9;1 3115/93

lension in cm 6.50E+02 1 .00E+0 5.10E+02 7.14E+02 1.02E+03 2.04E+03 3.OIiiE+03 7.141E+03 1.02E+IID4 2.26E+0^1 2.37E+05
Tempe Dryinn;j Curve 5.83°/3, 5.59%
Kettle/CX-2 Drying Curve 6.2,5% 5.81% 5.61% 4:65% Ft.92'% 3.04% 2.659 1.73%. 1.03%
Tempe Wetting Curve
date rpeasunerd 3116/93 3/17/9 3 3/18/93 3/12193 3/23/93 3/1 2/93 3/18/93 3/112/93 3/16/1 3 4/5/93 4/5193

-

container number TC-2 TC-2 Td-2 TC-2 TC-2 TC-2 TC-2 TC-2 TC-2 TC-2 TC-2
Ifensio,n in cm 1.00E+03 7.00E+02 5.00Er02 3.OOE+02 2.02E+02 1.05E+02 6.901E+01 5.451=_+01 3.10E+01 2.40E+011 1.00E+Ol
7empe Dryinq Curve
ICettle/CX-2 Drying Curve
Tempe Welliing Curve 3.62% :3.91% 4.39% 5.29% 6.34% 8.11% 9.10% 9.69% 10.380k 10.62% 11.15%

Q date measured 3/8/93 3/9/93 3/10/93 3/11/93 3/12/93 3/15/93 3J16/93 3/1i7/93 3/18/133 3119/93 3/22/93

conlainer nunnber

tension in cm'
Tempe Dryinia Curve
KettIePCX-2 Drying Curve
Tempe Welting Curve
dale measured

TC-2 TC-2
6.30E+00 2.5CIE+00

11.25% 11.41%
3/23/93 3/24/93

Kettle data points were converted from gravinnelric to volumetric by multiplying by the field Bulk Density
And the fractiirn of fines (less than 2mm).

Bulk Density = 2.03 g/cm'
Fraction of fines = 0.37

Points from kellle are enclosed by the double outline

C
0
Crld ^

:. r
aW
V
00

Points from C:K-2 are enclosed by the single outline



! rt ! ^. ^:,^

.

n
A

14.00%

1.00E+01 1.00E+02 1.00 E+03 1.00E+04 1.00E+05

Tension (cm H2O1

1.00E+06

a
0

d ^

..,r. ^

a Ŵ
V
W

12.00%

10.00%

0
>

8A0%
c
m
c
0
U

d 6.00%

0
2

4.00%

2.00%

0.00%

1.00E+00

-+- Tempe Drying Curve ---o--- Kettle Drying Curve -6...... - Tenipe Wetting Curve

r

Moisture Retention Sample Number
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SAMYLE NO,

Tested By: R.N. SMiler ,
Procedure Not 17
Test Plan No: N/A

Pressure Ccll No. TC-

^Gaupe: GEL - 2
Ihermometer• GEL -

--Balance: GEL -
Gauge: GEL -

GEL -

MOISTUREI RETENTION DATA

Date

Rev.

Rev. N/A

Calibration Due Date

Calibratfon Due Date

Calibratfon Due Dote

Calfbration Due Date

Catibration Due Date

Calibration Due Date

Page- of
oo '

Date IssteW 2/25/90

Date Issued N/A

(1> Irtt(a, aitt e^m VA 3•S ^. 9 ^ e^aa 00 Son

(2) Cunteiixr/Ring Nunber -'^

Nt. ot [ontainer and

(3) Net Sample. 9 1(/5' c7.' S ' .571T. f 1 ^J S7 7.6
, Vt. of Container and

(4) Dr Sa le, 9 /L1. 23

ff

(5) Con[eirtcr lare NL, g 16. il ^^^!1,'J

(6) Teaperature 2 ,2 3 g`^ $ ^ 3

(7) Date

(1) Tmsion tnits = cm ^SO 1 000 AZA /^

(2) Container/Ring Nmrber ^L-,^7 -? C',2'7

Ht. of Container and

(3) Vet sample, g

.

5117 . ` 5C. ,. -/ 1 . yZ ' (1 S':

Nt. of Container and

(4) Dry 5 le,

,

/9E.00

(5) Container Tare Yt., g 473 S'S11 O. S i

(6) Teaqerature 2°(' 2^.5 Z:i ^(.

(7) Date 'Z 3 ( ' ^ 1' !I.

REMARKS Tas^e Drying Cttr^ve ( 0 to I Bar)

(,'Qc,a.,csQ 16nfE Lt)'(.V ^+^
uzy.9^

J(^^^ Kr7- I

All data are acuratety and co,ryletely recorded. The test operator ras trained and

used cal(brated inztruaents

^ •̂ ' ^Checked By: !_ 1 J n- Date:

CJ
0

d M

a



n
ch

NU15TURE RETENTIUN DATA 5HEET
^^a y

. SAMPLE N0. 1^ dS^
ao=ata ^

, Tee:ted By:. R .M. sheiler Da(e ,2 z,,

Procedure No: 17 Nov. 0_

Test P'lan No: N/A Rev. N(
Pressura Cell No. _ 1C-Jl_ Calibration DueDate

Gauae: GEL • a07"1 Calibration Due Date
Tharmrn:eterdGEL - 12 Calibration DueDate

,, Balance:__ GEL - 33 5 Catibratton Due'Date
Gmge:1_ GEL - 9 B11ti CalibrationDueDate

GEL - C a libration Due Date

PeBa of

Date trsued 2/25/90 ^.

Date ILsued N/A

(1) Tension units • cm ;^^ 16 0D I IAAi^ l0 ) C. 00 ' ty D O 1 1 60 D

(2) Container/Ring Nunber /
,
; ,rZ, -rc - .z 2'- ' C'.L

/
'!G- 1 G .1. - 2

Wt. of Container and

(3) Wet sanple, 9 161. 5^/ 6z'. G SIiS'.5' 647 51 9 ,7 3 56Y.i(2 5 S'.8 566,' SL4. .06 6
Wt. of Containcr and

(4) Dry Seapte, 9 16 1.

(5) Container Tare Nt., 9 ^(t. Pt q
303

(6) Teaperature n :2 ..2.Z :Z `f

(7) Date ^ 7 'j ]i3 ; . R 13 3 r i _

(1)Tensionunits= in Sq,S •2•S /Vf} S/

(2) Container/R ing Nunber C-. ,'- Z C'-.Z rZ -)L MG-/l1

N0. of Containerl ard

(3) Wet s le, v 57 . 29 S 9. 596.. t .580. -59I.YG . S.o Y^. 3o A1 .o
Nt. of Container and

(4) Dry So le, e

z6 I -^2

REMARKS Teape Wetting Curve C O to I Bar)

op,Lta4A D.t,.t 7i,.,L

lo6 -1<f(:'-I 14

l data Are acurately and coa4letely recorded. The test operator was trained and

ad caliGrated Instruients

ecked Bt': 0 ^t-- Date:

a
0
M

w ^
^r

V



t^
.^

e'aoLa „^I

-r- Tested By:

Procedure No:
Test Plan Nc: t

Pressure Cell No.
Gauge:

i Theranwnctar:

Oalonce•

Gauge:

MOIS1iURE

I I

.i^. i

Date^SJ )

Rev, 0
Rev. N/A

Calilbration Dw Date

CaliPoration Due Date

CalllDratiott Due Date
CalfOratian Due Date

Calibration Due Date

Calibration Due Date

- ^ ^

(1) Tens(on tn)ts = rm ^^S • S y .7 ^ I

1-3 /-'F 1-:3 )-*
(Z) Corttniner/Ning Nunber /913 I6 {

ut. of Container and

(3) Ne t sempleiy 0^1l 7 S 6u.^^ 59.J3 CA'7.'5jz
-INt. of S•onteiner and

-,
(4) Dry s !te. 9 Ss', y^o . Y.9 f S)S. Y6 Y. G '^.i^^ S'l. SM : /

(S) Can Uelner i ere Nt^'., g .1 7 . g'I ?v.^ % 17.;4r

(6) T xrature ^2 7 7 .2 1 1S . ,2 S__

(7) Detc t ^ 3Pit "i Y' J 'S (a i 3 Y3 3J:SL);

(1) Tension units = cm

2) Conlalner/Rhy Ntnber

Yt. of Coqttainer and

(3) Net Se le, 9

Vt. of Container and

CO Dry S le, g

S) Container Tiare Ut., 9

(6) T rature:

(7) Date ^^

REMflRKS KETTLE DRYINGCURVE(0.51o1.0BARs) All data are acurately and coapletely recorded. The test operator was trained and

usaicalibratedin.truments ^

1( ^' -Kilt, I
Checked By: 't/`i- d. Date:

Y f4 .^ L r

^ yrPoaa o(' ( ' 4^!^^'

1̂ ,̂ ,

Date Issued 2/25/90
Date Issued

N/A

6/17/93
N/A

5 /10/93

M

00

r?:

ry i
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• , ,, . ... . .
t( ( `r_,... lJa1 ' = ', ,

, , . , , . ^.. +^^ :[•

MOISTURE RETENTION DATA SHIEET
SANPLE RD. Page 3 ' I^^^_-_Zr^-•- -_^ -a •x^

Tested
-- ------------

Procedure No: 11 Rev. Date Issuyd 2/25/90
Test Plan No: N/A

_
Rev. N/A Date IssueA

_ _

Pressure Cell Bo.
I

KE1fT LI EPK15-02

-
C:alibratlonDue Date

Gauge: 2038GEL '• '
--

Calibration Due Date 6/17/93
I iheraameter,fEt'• _ 12_ Catibratlon Uue Data N/A

ealance: GEL 3315 Calibration Due Date 5/1B/93
Gauye: GEL Calibretlan Due Date

GEL
_

Calibratlon Due Date^

(1) Tension ury its = ca l^ /O _

(2) Container/Ring Nuaber

5 ti S,tF ss
Nj

s-/
AC•

Vt. of Cbntainer and

(3) uet sa le, g Si'.aF f". 9 5^. 36 5T. 75
• ,, ^,

Vt. of {ontainer and

(4) Dry S le, 9 .5 ^.'fA 7Q7 •S .- $Z f'ra

(5) Container 'rare wt. g .7 9..XQ 319. 50 2-7.29, 36.50

6) T returc 7 '

(7) Date .3 /2 /? 02193 j^ti3 3 /t177

(1) Tension units = cn - .

(2) Cantainer/A:(ng Nurtber

Vt. of Container and '

(3) Ve0 Se le, g ^

Vt. of Container and

(4) Dr s It, g

( 5) Container Tore Vt., g ' •

(6) i reture

(7) Date

REHARKS KETTLE oavtwG [xatvE ( 7.0 to 15.0 eA((s) etl data are acurately and cooptetely reaorded. The test operator was trained and
r) ^^ ^^•^ ed calibrated instrueents
` .^

1 ( /
/C,^o -/^A_' Checked By: l t`- Datet LI ' - C

ii

tli ^

9

W

W

i1)



Proccdturc No: L,rF_ t -
Tcsl Plon MoL

CX-2 WAT'L:R ACPI'1^71iY DATA SIiECT

__i_: Dalc 93 Pa(^e^- of

IRcv.^ ^ ^ Date Is,^ued . 7/7 -.3/i,g^ __..
'f2cv. Dale Is.l ;ucd

ionDme DNc Equipmcnl GEL No: Calibralfon DueD

!LLS
Thunwmcler

PrG.csl V'crnhcnlion Post Test / Pcriodic VeriGcalio
--T---T-, -^-^_l-'-T--_T-

O_ 4.0

n

0

Sam Ic No. .o ste 4 10 ,51,7 561^ 3• .o^ 9 I S-oS75 7O o 3-057 I'^ :C-65-71

Conlainer Numbcr G IIIc f 03
G
3 Cy t^` t' Rc 7 c 9 6 C

A^vRcadin , $ . P6 • ^I 8L_ 4 jq) S17- ^ Y 06

Tcm rnturc °C 3. Q ,74 7 4. ^^- :14. ''(. 6 t-.all 75 .1 5.

Walcr Polential, Dars

Molslurc Conicnl for wancr Polenunl. Smu tcs

Can ID No z ^"^
, s ^

N

Can + Soil \Vcl ut, '. 6 '`(. o?^t5r r 1-

Can+Soil Drt• uti.. L .tl. c1 3Y ta 34i. ^O 37 e'9 _t2:+o ab. aSf 35.44__ . 3?.

REMARKS A1 •>PA n..-Iecicc'L/M̂ .••• l...,A/ ^ t^.s.. y(^^T^7^F ^ui ^-
^U
!L

'VL(UnJ(;. CLI^^ K°Y.At, Ca.KW1.^ H. 1Wtil'Ocftt..:Fet L n p

ChcckcdUy: (^si,lrl ^/`rlrct. Date:H-^4-97

O
0

c7^

a
(b



DOE/RL-93-78
Tl..a A

,,^^y..e

,Q09

ucu ro U

GEL17 GEOTECHNICAL ENGINEERING LABORATORY
Sample No.

3-at6 g
GEL 10 [l GEL 19 a GEL-07 SIEVE AND HYDROMETER ANALYSIS S-

PaCe ofGEL 14 GEL

• GEL-07 SIEVE ANALYSIS

Date Z -I 7- ^ 4 3 Calibration Due Dete '4 r2^-5 3 Balance: 3 I Q

SempleDeecription 'SA'-•JQ r Gl24J^^ SieveTuna 10 (mini

Reduced By: Splitting q Cuartedny q Stockpile

reva Sample Cumulative Cumulative Cumulative
Size Weight Wt. Retained % Retained % Passed Tested By

Z - 2 213. 0 r ero t-u

1 /?- /Gy,_ . 7.4 - °z.'

^, ' 3/^! 53^G z zF.^ -7 s• Ei

3!8 S.1 3^. ) L!. 9
Ilb6.J So 0 0

! )3 G 2-8 2-
410 180. BG.s ^t^•^ /q.gi^

o ir, - S^ i5• 3F d0 lZo. LG•G t2y

c 00

-

/37. 7c.2 ^.f!

Remarks:

^

GEL-07 HYDROMETER ANALYSIS

I Dste
Balance: Calibration Due One

Therrnometer. Calibration Due Date

- Hydrometer: Calibration Due Data

W EIGHT OF SAMPLE COMPOSITE CORRECTION

WI_ Container + Soil (p) Specific Gravity of Sample 1st Readin0 at eC

Wt. Container (0) % PassinQ No. 10 Sieve % 2nd Reading at eC

Wt. SoA (01 A. W- K.

Dets
Clock Elapsed Time Hydrometer

Hydrometer
with Temparature

Seilln Particle
iTime (min) Reading Composite (

e
C)

Suspension D ameter Tested By

^
(%) ^1

- - ------ - Correcticn

2.0

5.0

15.0 - - - j
1

e

J0-0

60.0

250.0

1440.0

Anmatke:

r...

•^..•^:'ti:
.:

^ ^ /Taata Chaeked By Ds ta

g^86 (04/92)

C-41



DOE/RL-93-78
Draft A
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DOE/RL-93-78

Draft A

116-KE-4A Borehole
18.0 to 20.0 ft bgs
Sample B07LK5

C-43



^

u^AMP^LENOi 3-0569
Contact R. F. Raidl
Well No. 116-KE-4A
Operable Unit 100-KR-1
FIEIS No. B07LK5
CYepth 18.0 - 20.0

TkEMPE CELLS Sample # 3-0569 1 Bar Drying Curve
tt!nsion in cm N/A N/A 3.5 7!3 11 21.5 35.5 49 74.5
'ierror in tension value +/- I 0.5 0^5 1 2 5 2 5

container number MC-3 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28
weight of container/ring ±wet sample 163.76 557.82 579.44 579.33 579.26 579.21 579.43 579.25 574.23
weighlofcontainer/ring,+ dry sample 163.55 557.55 - 557.37 557.37 557.37 557.37 557.37 557.37 557.37
weight of moisture 0.21 0.27 22.07 21.96 21.89 21.84 22.06 21.88 16.86
weight of container and ring 61.02 427.83 427.67 427.67 427.67 427.67 427.67 427.67 427.67
weight of dry sample 102.74 129.72 129.70 129.70 129.70 129.70 129.70 129.70 129.70
moisture content % by wt. 0.20% 17.02% 16.93% 16.88"/< 16.84% 17.01% 16.87% 13.00%

moisture content % by vol. 10.58% 10.53% 10.50% 10.47% 10.58% 10.49% 8.06%

date measured 2/26/93 3/1/93 3/2/93 3/3/93 3/4/93 3/5/93 3/8/93

temperature deg. C 24 23 24 25 22 25 23

v,Slume of brass ring, cmA3 68.26

TEMPE CELLS Sample # 3-0569 1 Bar Drying Curve
te?nsion in cm 200.3 300 500 700 850 1000 N/A N/A

error in tension value +1- 5 2 20 2.0 20 20
container number TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 MC-3

weight of conlainer/ring,+wet sample 569.73 567.04 565.22 564.47 LEAKER LEAKER 566.24 199.70

weight of containeriring,+ dry sample 557.37 557.37 557.37 557.37 557.37 557.37 557.37 190.79

weight of moisture 12.36 9.67 7.85 7.10 -557.37 -557.37 8.87 8.91

weight of container and ring 427.67 427.67 427.67 427.67 427.67 427.67 427.67 61.03

weight of dry sample 129.70 129.70 129.70 129.70 129.70 129.70 129.70 129.76

moisture content % by wt. 9.53% 7.46% 6.05% 5.47% 6.84% 6.87%

moisture content % by vol. 5.93% 4.64% 3.76% 3.40% 12.99%
date measured 3/10/93 3/11/93 3/12/93 3/15/93 3/16193 3/17/93 3/18193
temperature deg. C 25 23 26
volume of brass ring, cm^3 68.26 Cell wt, before cleanup = 427.43 grams

SAMPLE BULK DENSITY = 1.90 g/cm' Cell wt. after cleanup = 427.75 grams
FIELD BULK DENSITY = 2.08 g/cm' 427.67 Average of all 3

FRACTION LESS THAN 2 mm = 0.30

99
2

TC-28
573.00
557.37
15.63

427.67
129.70
12.05%
7.49%
3/9/93

24
0
0

t7^

a
00



^
^

TEMPE CELLS Sample #,
tension in an N/A
. error in tension value +/-
container nYmber MC-3

weight of camtainedring,+wet sampllle 163.76

weight of camtainer/ring,+ dry sample 163.55
weight of moislure 0.21

weight of camlainer and ring 61.02

weight of dr^ sample 102.74
moisture content % 0.20%
moisture content % by vol.
date measuIred
temperature deg. C
volume of brass ring, cm43 68.26

TEMPE CEILLS Sample #
tension in cm 1000

error in lehsion value +/- 2P
container number TC-3

554:)0weight of container/ring,+wel sample r

weight of c6nlainer/ring,+ dry sample 550.fi0

weight of moisture 3.60

weight of container and ring 418.10

weight of dry sample 132.pD

moisture content % 2.72"k

moisture content % by vol. 1.6g%

date measured 3/8/93

temperature deg. C 23
volume of brass ring, cm^3 68.26

TEMPE CELLS Sample 4
tension in cm 24.0

error in tension value +1- 3
container number TC-3
weight of conlainer/ring ±wet sample 566.63
weight of container/ring ± dry sample 550.60

weight of moisture 16.03
weight of container and ring 418.10

weight of dry sample 132.50

moisture content % 12.10%
moisture content % by vol. 7.52%
dale measured 3/19193
temperature deg. C 25

volume of brass ring, cm63 68.26

i 1-0 7 r^ ^ t

=1'4.Imi]i.n

II

f l •

3-iD569 1 Bar'Wetting Curve
N/A 1000 1000, 1000! 1000 1000 1000 1000

20 20 20' 20 20 120 20

TC-3 TC-3 TG3 TC13 TC-3 TC-3 TC-3 TC-3

550.20 552.89 553.98 554.21 554.27 554.25 554.30 554.22

5,99.93 550.60 550.60 550.60 550.60 550.60 550.60 550.60

0.27 2.29 3.313 3.61 3.67 3.65 3.70 3.62

417.43 418.10 418.111 418.1,0 418.10 418.10 418.10 418.10

1.12.50 132.50 132.50 132.50 132.50 132.50 132.50 132.50

1.73% 2.5504 2.72% 2.77% 2.75% 2.79% 2.73%

1.07% 1.59% 1.69'% 1.72% 1.71% 1.74% 1.70%

2125193 2/26/93 3/1193 3/2/93 3/3193 314/93 3/5/93

22 23 T,?I 24 25 22 22

3-0569 1 Bar Wetting Curve
700 500 300 202 104.5 69 54.5 31

20 20 20 26 20 5 2 2

TC-3 TC-3 TC-3 TC 3 TC-3 TC-3 TC-3 TC-3

5134.64 555.35 556.95 558.83 562.41 564.18 564.91 566.01

550.60 550.60 550.60 550.60 550.60 550.60 550.60 550.60 0
0

4.04 4.75 6.35 8.23 11.81 13.58 14.31 15.41

418.10 418.10 418.10 418.111) 418.10 418.10 418.10 418.10
ti132.50 132.50 132.50 132.511 132.50 132.50 1412.50 132.50 r. .̂

3.05% :3.58% 4.79d,,/° 6.2191. 6.91"/° 10.25% 10.80% 11.63% 9 p

1.90% 2.23% 2.9896 ^1.86°/5 5.54% 6.37% 61.72% 7.23% V

379/93 3110/93 3111/93 3/12/9;3 3/15/93 3/16193 3/17/93 3/18/93 00

23 24 22 23 23 26 23 26

Cell vA, belure cleanup - 410. 11 grama

can 1N. after cleanup = 417.62 grams

3-0569 1 Bar Welting Curve ' 417.72 Average of all 3

10 0 6.3 2.5 N/A N/A.
2 2 1 0:

TC-3 TC-3 TG3 TC-3 MC-11
567.75 568.07 568.38 568.37 210.36

550.60 550.60 550.60 550.60 192.72

17.15 17.47 17.78 1737 17.64

418.10 4118.10 418.10 418.10 60.27
132.50 132.50 132.50 132.50 132.45

12.94% 1:3.18% 13.42% 13.41°,/° 13.32%

8.05% 8.20% 8.35% 8.3496
3122/93 3/23193 3/24/913 3/25/93

23 25 25

BULK DENSITY = 1 .94



f')

I
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KETTLES Sample# 3-0569 15BarDryingCurve
leri^sion in Bars 0.5 0.5 0.7 0.7 11.0 1.0 -2.0 2.0 3.0
error in tension value +/- 20 20 20 20 20 20 20 20 20

cdi;ntaoner number BA5 B.Pg6 BA5 13A6 BA'i BA6 BB5 866 6B5 B86
Weight of container/ring,+wet sample 57.46 55.310 57.49 55.34 57.31 55.17 54.62 54.84 541i.51 54.71
weight of container/ring,+ dry sample 56.03 53.85 56.07 523.91 55.9¢ 53.78 53.68 53.88 5:L66 53.81
wepgh't of moisture 1.43 1.45 1.42 1.43 1.3j' 1.39 0.94 0.98 f1.B5 0.90
weiight of container and ring 30.37 27-419 30.37 27.49 30.3j' 27.49 28.41 27.85 28.41 27.85

weight of dry sample 25.66 26.i316 25.70 26.42 25.57 26.29 25.27 26.01 25^.25 25.96
moisture content % 5.57% 5.50% 5,53% 5.41% 5.36^'p 5.29% 3.72% 3.77% 3.37% 3.47%
date measured 3/18/93 31'18/93 3112/93 3/12193 3/23/0 3/23/93 3/12/93 3/12/93 3/113J93 3/18/93
temperature deg. C 27 2'7 24 24 25' 25 24 24 27 27

KETTLES
tension in Bars 5.0 !iio 7.0 7.0 10.0 10.0
error in tension value +/- 20 20 100 1100 100 100

container number BBS BI86 BCS BC6 BC:i BC6
weight of container/ring,+wet sample 54.38 54.57 56.31 57.43 56.17 57.31
weight of conlainer/ring,+ dry sample 53.60 53.76 55.73 56.82 55.613 56.78 i^
weight of moisture 0.78 0.81 0.58 0.61 0.49 0.53 0
weight of container and ring 28.41 27.85 29.23 30.17 29.23 30.17
weighl. of dry sample 25.19 25.91 26.50 26.65 26.45 26.61 wo
moisture content % 3.10% 3.13%

'
2.19% 2.29% 1.85%6 1.99% ^

9 wdate measured 3/23/93 31 23/93 3/12/93 3/12/93 3/18/93 3J18/93
temperature deg. C 25 2:5 24 24 27 27

Water Potential Data for CX-2 Samples
Sainplle No. 3-0569A 3-0569
Contaiiner Number BC5 BC5
Aw Reading 0.756 0.981
Temperature °C 24.7 24.6
Water Potential. Bars 384.1 26.3

Can ID No BA5 BA6
Can + Soil Wet wt., g 39.15 36.40
Can + Soil Dry wt., g 39.10 36.28
Cap Tare wt., g 30.37 27.49
Weight of Water, g 0.05 0.12
Dry Weight of Sample, g 8.73 8.79
Molslure Content, wl. % 0.57% 1.37%
date measured 4/5/93 4/5193
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n

^

PGINTJ SELEl,7 ED FVR PLC3T 1 iNU Sampie # 3-0569
ciontainer number TC-28 TC-28 TC-28 T'C-28 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28 TC-28
Tifnsion in cm 7.30E+100 1.10E+01 2.15E+01 3.551E+01 4.90E+01 7,45E+01 9.90E+01 2.00E+02 3.OOE+02 5.00E+02 7.OOE+02
T[::mpe Drying Curve 10.525°/a 10.50% 10.47% 10.513% 10,419% 8.08"/n 7.49% 5.93% 4.64% 3.76% 3.40%
kedlle/CX-2 Drying Curve
Tempe Wetting Curve
dJaite measured 3/1/93 3/2/93 3/3/93 3/4493 315193 3/8/93 3/9193 3/10/93, 3/11/93 3/12/93 3/15193

cointainer number
tension in cm
Tempe Drying Curve
K41tle/CX-2 Drying Curve
Ty:mpe Welting Curve
daVe measured

TC-3 TC-3
1.OOE+03 7.00E+02

1.69% 1.90%
3/8/93 3/9/93

container number TC-3 TC-3 TC-3 TC-3 TC-3 TC-3 TC-3 TC-3I TC-3 TC-3 TC-3
tension in cm 5.00E+02 3.OOE+02 2.02E+02 1.05E+02 6.90E+01 5.45E+01 3.10E+01 2.40E+01 1.00E+01 6.30E+00 2.50E+00
Ti:mpe Drying Curve ^
Keltle/CX-2 Drying Curve
Tempe Wetting Curve 2.23% 2.98% 3.86% 5.54% 6.37% 6.72% 7.23% 7.52% 8.05% 8.20% 8.35'/0
date measured 3/10/93 3/11/93i

1

3/12/93 3/15193 3/16/93 3/17/93 3/18/93 3/19/93 3/22/93 3/23/93 3/24/93

container number
lension in cm i
Tempe Drying Curve
KeAtle/CX-2 Drying Curve '
Tempe Welting Curve
date measured ^

Keittle data points were converted from gravimetric to volumetric by multiplying by the field Bulk Density
And the traclion of fines Qess than 2mm).

Bulk Density = 2.08 g/cm'
Fraction of fines = 0.299

Points from kettle are enclosed by the double outline ^

U
0

d^
w ^
^r
aW

Ĝo

Points from CX-2 are enclosed by the single outline



J 1 r Fw ^1^::..

^
00

12.010%

1.00E+01 1.OOE+02 1.00E+03 1.00E+04 1.00E+05

Tension (cm H20)

1.00E+06

U
O

C7

>

^

10.01D%

0 8.00%

0

c

6.00%

0
2 4.00%

2.00%

0.00%

1.00E+00

-^- Tempe Drying Curve ---o--- Kettle Drytng Curve ......... o ........ Tennpe Wetting Curve

Moisture Retention Sample Number
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SAP,Pii NO.

Procedure No:

Test Plan No: ,

Pressure Cell No.4

Gauge:
Thermometer:

Balaoce:

Gauge:

RETENTION

Data_.^ 2

Rev. 0

Rev. N/A
Calibratiion Due Date

Calibration Due Date
Calibratioh Due Date
Calibratian Due Date
Catibration Due Date

Calibration Due Date

,,.
PaDe of

Date Issued ^2/25/90
Date tasued ^^--N/A

(

15 ^ -

( t ) Tension units = cm /} /t/11 3 5 ,i 1 . ' `7. 3 ' 00

(2) Container/Ring Nunber L-ZY
Wt- of Container and

(3) Wet Sairyle, g 674.qit 74.35 77.,2G 519.^1 .y Sg 1' .3.3 .' ,o 54 9,73 ' 0 12
Wt. of Container and

(4) Dry Samryle, g SS

10) Container fare Wt., g E1.02 yZ J, 93

(6) 1 rature 11 32 ,2 q ;E.S 2 .), 2 .Z Zq z

(7) Date ,7( 93 .l '{ ,t ' O -3

(T) Tenaion uni ts = c m o /(fA Li,'

(2) Container/Ring Nurber °-I $ (,'-1

^
C•29' JtJC-3

Wt, of Container and

(3) Wet Se le, g S6q.4 7 s*r,6 •a . 1 q,-7^
4t. of Container and

(4) Dr y Se te, it 6.7

(5)ContainerTareut. IT,
F

b:
jr

y'
tA

t 1.() 3

(6) Tentxrature ^ ^25 2L

(7) Dete j ¢

REMARKS Teaye Drying Curve ( 0 to t Bar) All data are acuratety and completely recorded. The test operator was trained andcI

,y()y,^t),/„ ^^-r )f ex,..^eTa.y (,jr It^7^^5

'/ _ ^a`

used calibrotai instrtasenta

/ ) U - ' `- IL h Checked By: a Datet ^^ -

0
0

C7 ^
n ^

xr
aW
W



9
^3

sA1WtE 190.

Tested By:

Procedure No:

Test Plan No.

Pressure Cell No.

Ga(ge:

thersaHOeter:

Balance:

Gauge:

MOISTURE

6 q
--'

R.M. shaller

,{.q / ^ ^ ^^' .^ d •k^ ' ' '

IFFT
^ ^.

P:Y' of

Date^/+d/no

Rev. 0 Dafe. )ac 2/25/90 ay0p +
Rrv. N/A Date lei

Calibration Due Date N/A

Calibratim Due Date^'l^7

Calibration Due Date K/A '^-
Calibratlon Due Date 5/18/93
Galibratim Due Date 7/..)//^3 i

Galibration Due Date

(1) 7msion units. cm A ^ 't• ' -ZW-t lnoc> /000 /OOJ / 0

(2) Cootainer/Ring Nuaber ^CJ C'j -fr - 3 -ti ^1_ - G-3 -

Wt. of Container and

(7) ue¢saaple, g 143.76 55i^..? ' -2 yl 'S53. 9s1 55' a 'S'l. '' ' 'F ll S 'f.3o L-i 5' 15 4,75
Wt. of Container and

(4) Dry sa le, g

(5) CoN:ainer tare Ut., g l, UZ

(6) Ten^erature 3 • 9t 2,5

(7) Datn_' ' '^ j

(7) 7en:ion:nits = cm N/T

(2) Cmrainer/Ring Nurber - G• 3 ' - 3 1C• 3 e- 3 Tt- 3 avre-I l

Wt-^ of Cmtainer and
(3> uet sa le s Sj 56 , S d6. a G. 567. ' S68 07 3ird.38 df.37 :L 6

ut. of Cmtainer and i .. _....

(6) ie perature 12 3 as 23

(7) Date 62^ri^ 3 3 y/7

REMARKS Teape Nettftg Curve ( 0 to t Bar)

oPlAALt- cuLL;t ^ atw4--e T((.,:_
ID 0/^- I

417. 6 W.

data are acurately and completely recorded. The test operator was trained and

I cal(brated instruapnts

ked By: 6 t Jt,^ Date:

0
0

d ^

I
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^

^^f¢w_Ol c NO.

^s
Tested 'By::^

Procedure No: 17
Test Plan No: N/A

Pressure Cell No.

-

KE

'Gauge:
_

GEL - '_
Thiernmaeter: GEL -

Balance: GEL •

Gauge: , GEL -
cPt -

MOISTURE RETENTION DATA SHEET

Pag¢-L^- of ' °;"'-
, 3^'•^';''

Dateg ', , ' i•.1 '^.^ ^^

-_^ Rev. D:e Issued 2i25/90
Rev. N/A Date Isstwi7---

CalibrationDue Date N/A ' ' ^ - •' ^

Calibration Due Date 6/1793,

Calibration Due Date N/A
Calibration Due Date 5/ 1/93' '_-

' Calibration Due Date

Cal i bration D ue Da te
_ -

(1) Tenaion t.,ita =cm s s 1 ^ ^

(2) Container/Ring Ntmber

;I-S

'

/-6
i

1-5
lii 5 A e^

,s

171.'1!7
/

Wt. of Container arxl

(3) Wet Sanple, 9 7^, 2.

Vt. of Container and

'(<) Dr Sa le, g .b3 (' - J^.07 -. (?l SS. 4 ?79

15) Container Tare Wt., g 36- -W ^ 'jO. 'i' " • +/ .}r7, j f fl y V

6) T rature 27 .2 7 ^ y 1.'f 15 t 5

(7) Date t z 3" t

(t) Tenslon units = cm

(2) Container/Ring Nurber

Nt. of Container and
(3) Wet 5 le 9

Nt- of Container and

(4) D 5 le, y

(5) Container Tare Nt. g

(6) T rature

ld(7) Date L.Lea

REMARKS KETTLE DRYINl3CURVE(0.51o1.O8ARs) Al( data are acvrately and caapletety recorded. The test operator was trainied and

used calibrated instrunente

Checked By: Date: Z/'/

S

V
Oo
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ll SAMPLE NO.

Tested Byt

Procedure Noc
Test Plan No:

Pressure Cell No.

Geuge:
Thermtmieter:

Balance:
Gauye:

.^^ ..l j

RETENTION DATA SMEET

Rev. / b
Rev. N/A

Calibration Due DaRe
Calibration Due Da2e
Calibration Due Date
Calibration Due Date
Calibration Due Date
Calibratlon Due Date

-A

.. ..
Page ^ of

- ^e -

Date lasued 2/25/90

Date Issued ^-^-

(1) Tension units = cm

1

'C' I 3 ^ j

_

3-5 3-6 3--5 3 L 3-.S 36
2) Container/R(n9 Nuaber S . /• ^ ^ } ^ ,

Nt. of Container and

I(3) Net s le, 9 S. ,i:% 5. y.' 59.38' -)F. 5
Nt. of Contairur and

(4) Dry Sa le, 9 SIEg 5 1 Jr.) bL 5 ' (e

(5) Container Tare ut. g 2$•', µ/ .ZZ YS ,2S. VI 1779$ 27 N5

(6) T reture 2.y/ .^^/ ,27 ^27 4j ;j-f -

(7) Dete /^ ' 3 /^

n
("
tJ

(1) Tenaion Units • cm

(2) Conteiner/R(ng N^abar

Wt- of Container and

(3) uet 5 le, g

Nt. of Container and

(4) Dry 5 le 9

(5) Container Tare Nt., g

(6) T rature

(7) Date

REMARKS KETTLE DRYING CURVE ( 2.0 to 5.0 BARs) Alt data are acurately and caapletety recorded. The test operator was trained and

used catibrated instrumenta

( `
^BL'••/L/L" / Checked By: Date: -7

0
tri

.:r

03



i
^ --- - - - -- -

nLA
w

sANPiE no. -OS

^ Tested By_YJ

Procedure No: ' 17
TestPlan No:_ N/A

Pressure'Cell No._

' Gouee:_ GEL -
Ihermaneter:_ GEL -

Balance: GEL -
Gauge: _ GEL -

GEL -

^ Vrllrt JIILLI

_' _ Data 3/^^Jy3
Rev. D

Rev. N/A
Calibratfon Due Date
Celibrat4m Due Date
Calibrat(on Due Date

Callbratilon Due Date
[elibratil^onn Due Date
Calibrati Due Date

/!9 /i•1 i

^

(4) Tension .its =' cm 7 !7

.
-

(2) Container/Ring Nunber

55 5-^ s s

WE. of Contairier and

(7 ) Wet Sanpl' cLg El'

•

Nt• of IConta iner ard

r,<) ory samIp e, 9 _73 a' S5. G5`"

(5) eontainer Tare N¢., 9 29:23 SO. l-J

1 (6) Teaperature 2 7

I(7) Date ui 2/L j^/z^')S 7/is1 •IS 3 Y, , ..
11

ension uniits = ' cm

ontalner/FNng Number

Nt. of Container and

Wet saaple•, y _

Nt. of Container and

Dry Saap le, 9

cntainer Tare Nt ., 9

'enrv.raturw I

^UG -^^s'' Checked By:

a=^^-^1

Ik7) Date E I I I I I I I I I I I i
REMARKS KETTLE DRYING CURVE ( 7.0 to 15.0 BARs) Alt data are acurately and eanpletely recorded. The test operator was trained and

^^µt.lLll (L.-t.^ used calibrated instrtntettts

PaiBe 3 of j
^

7"71

Date Issued
Date Issued

U

0
tri

a
00
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DOE/RL-93-78
Draft A

/.

`

GEL 16 Sample No.

,09 ® GEL 17 0 GEOTECHNICAL ENGINEERING LABORATORY 3-pss
EL1o GEL 19 GEL-07 SIEVE AND HYDROMETER ANALYSIS S

PeGe ^ ofGEL. 14 GEL
_

GEL-07 SIEVE ANALYSIS

Oatn 2_1 1. -7,3 Calibration Due Dete +{ - iS- ni 3 Balance; 3$/ p

I S'mpid OdscApiian (_ d-p b([) 4^hKl^' +$ G^-^C r ^d-JLI(' Sieve Time 10 (min)

eaduced By: ® Splitting ^ OuaRerinp ^ Stockpile

Sieve Sample CumutatWe Cumulative Cumulativa
Tested BySize Weight M. Retained % Retained % Paased

%'t/' ^8Y4•3- ° - S^G- ^^-r^

'( [ . S 3 6/.z

SZ.fo

O 1 Z99 •3 70.1 zt.
`t n Ot 7-/ z L_ !•

40 / o.7 S(e. ^. /3.

l00 Z7.b

Zoo D .e7 7- S-

emarka:

GEL-07 HYDROMETER ANALYSIS

Data
Balance: Calibration Due Date

Thermometer: Calibration Due Date

Hydrometer: Calibration Due Date

WEtiHT OF SAMPLE COMPOSITE CORRECTION

V't. Container :'aoii ( pl Specific Gravity of Sample f at Reading at •C

Wt. Container (0) %Pessin0 No. 10 Sieve 2nd Reading at •C

Wt. SoR 101 A^ yy ^ K ^

--

Dnts I Cloek Elapsed Time Hydromater I
^y"ra^atai

with I Temperature
SoR In Particle

Time _ fmin)

-^ - ^ - - ^ -

Re.^(nn Sampesita - (•r; Suapension Diameter Tested By

- Corracdan
1%1 (mml

^

2.0

16.0 ^? ^
y t;^

^' '-, . ....e `^ •a

30.0

60.0

EEE
250.0

1440.0

C-55



i-:. GEL^16

1] GEL 17

-
GE1 19

i ®
GEL

DOE/RL-93-78
Draft A

GEOTECHNICAL ENGINEERING LABORATORY

u'eL-i^GEt=Y6, GEL-iy

GEL-14 SOIL MOISTURE

Pepe S of J

Balance: 3 3

Thermomater: q a

Wet Wt. Dry Wt.
Data + +

_ Oart Can

2 -•// 4 LlAS.RSZ, N70; .Lc

Ramnrks:

Calibration Due Date Testad By L -O

Galibration Due Date Q-^ -I'?

iare
Moisture Dry Wt. X' Calculatd

. Wt. Soil Moisture By

6z.lf Jo.z3 ul^.ua -7- .Zll. Lv

GEL-16 BULK DENSITY-POROSITY

'^r v

- DC!ERIVdN%,TIDIYNO. ^

Pan No.: Mold: g] Plastic
0

Metal Lanqth: (-^ 5

Semple Volume,V,otf ^s 3,7 'yS
c^re^

Wt. of Sample & Mold, e
g 5'

aerosols,

Wt.ofMald,O

Wot M. of Sample, 8 7fr1

Wet Density of Semple, y an, 8fcp

Water Content % Dry Weight Z y y

Dry Density. 9/ce T d 2. D ir

Ory weight of Sample, g, We
Z.

' V n id R ati o, a 0, 3 G S p

••F^orosity, n. % • Z3.43

Remadts
! _ob

n IC.I.A! -ft,,.. %.li^A'Dlt -t.r..

Tested By L D 1"7-^
vu-

- •._ Wet Wt.

^ 1 + % Dry Wt.

• Void Rado, e -
A°0• Sp. Gca x VoL

Ws

••Porosity, n, % -

(

^
+e

)

100

GEL-19 CALCIUM CARBONATE

Vasaal No. 56-5 0 Tested By L O ^

Balanea No.
3304 Date Due 1^10 -Cj ^

Sample Weight 840 (0)

Sample Pressure 0•2- (psi) %CaCO3 1 ( ' 0 Per Gram

Remarka:

- - - _ - _ I Tests Checheq 9-•
__- Date

80-6000-797

:I

il

i.

C-56
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